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Experimental Extruder Data 


For Nylon Shape Studies 
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exacting with the delicate touch 


d ti Production power with a sensitivity capable of meeting your most rigid 
pro uc ion requirements. That's the Gering difference in custom compounding! 


Only with Gering’s efficient, giant-like custom compounding operation 
with — producing well over 100 million pounds a year—can you be sure you'll 

get highest quality molding compounds . . . regardless of the type or 
size of the order. , 


plastic Gering provides quality controls every step of the way . . . complete 
laboratory facilities . .. a wide range of specialized production equip- 
ment. . . all under top-notch technical supervision. This combination of 


molding expert know-how and manufacturing flexibility is yours for the using. 
powders G E RI IN G 


Gering Products. Inc., North 7th St. & Monroe Ave., Kenilworth, N.J. » Sales Offices: 5143 Diversey Ave., Chicago 39, III. ¢ 424 Chevy Chase Rd., Mansfield, Ohio 


Res: 
¥ 
+ 4 
| 
4 
| 
| 
1 \ — 
\ 
\ 
re 
f 
a 
fi} 


ESCAMBIA 


PVC 


Leave processing problems behind when you use ESCAMBIA PVC 1200 
in your calendering operation. This new low molecular weight resin gives 
you better control over color drift, has lower reject rate from “fish-eyes” 
and important other advantages for your product. 
@ Outstanding Heat Stability @ Very Low “Fish-Eye” count 
@ Free-Flowing Hot Pre-Mixes @ Uniform Particle Size 
@ Excellent Color and Clarity 


These advantages are also found in other Escambia resins in this new series: 


ESCAMBIA PVC 1250—One trial with this resin in dry blend ex- 
trusion will convince you that it has no 
equal. 

ESCAMBIA PVC 1225—Intermediate in molecular weight, between 
PVC 1200 and PVC 1250, this resin has 
outstanding qualities never before avail- 
able in a single resin. 


For additional information about Escambia’s New Resins—write or call: 


ES CANMBIA CHEMICAL 


Cc R P R A T N 


261 MADISON AVENUE NEW 16, WN. 
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HOW MOLECULAR WEIGHT DISTRIBUTION 
AFFECTS POLYETHYLENE PROPERTIES 


MOLECULAR WEIGHT DISTRIBUTION is one 
of three basic characteristics that determine the prop- 
erties of articles made of polyethylene. MOLEC- 
ULAR WEIGHT and DENSITY are two others. 

Any polyethylene resin contains molecules of many 
different sizes. Molecular weight distribution is a 
measure of how widely these sizes vary from the 
average. 

The following graphs show the effects of widening 
MWD, assuming density and molecular weight remain 
unchanged. In aiming for specific end properties, of 
course, all three characteristics must be taken into 
account, as all can be varied. 


Permeability 


POLYETHYLENE 
PROCESSING TIPS 


PERMEABILITY 


MOLECULAR WT. DISTRIBUTION —WIDENING —> 


Resistance to Environmental 
Stress Cracking 


RESISTANCE TO 
ENVIRONMENTAL 
STRESS CRACKING 


MOLECULAR WT. DISTRIBUTION —WIDENING —> 


Low Temperature Brittleness 


BRITTLENESS 
TEMPERATURE 


MOLECULAR WT. DISTRIBUTION —WIDENING —> 


Softening Point 
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MOLECULAR WT. DISTRIBUTION —WIDENING —> 
Film Brittleness 
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MOLECULAR WT. DISTRIBUTION—WIDENING —> 
Tensile Yield Point 
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a 
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MOLECULAR WT. DISTRIBUTION—WIDENING —> 
Stiffness 
z 
= 


MOLECULAR WT. DISTRIBUTION—WIDENING —> 


U.S.I. “Tips” covering the effects of density, molec- 
ular weight and molecular weight distribution have 
now appeared, and make a handy reference guide. 
To receive copies, just ask for back issues of “Poly- 
ethylene Processing Tips.” 

If you're planning a new or improved polyethylene 
product remember that U.S.I1. PETROTHENE’ resins 
have been tailored to give you the properties you 


want. 
Why not call in a U.S.I. technical service engineer 
...and talk over your project with him. 


US Jrousteiat cuemicats co. 
. Division of National Distillers 
and Chemical Corporation 

99 Park Avenue, New York 16, N. Y. 
Branches in principal cities 
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William Kovacs, 8, of Ft. Meyers, Fla., gets the feel of his new family 
swimming pool. Unlike conventional pools, this one, made of Celanese plastics 
reinforced with glass fibers to give it strength, is bolted together on the site 
and lowered into hole. Pool is manufactured by U. S. Swimming Pool Co 
which forecasts rapid growth in use of large residential swimming pools 
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THE MARK OF QUALITY 


Faster, more thorough 


BARBER 


COLMAN pPlasticizing puts premium on 


precise temperature control 


Wheeleo 
Instruments 


Because this Reed-Prentice 12/16 ounce plastic injection 
molding machine is capable of up to 360 cycles per hour, 
plasticizing must be both fast and precise. To plasticize 125 
pounds of material per hour, the machine is designed with a 
tapered spreader that creates a mulling action, assuring 
thorough plasticizing of all thermoplastic materials and ac- 
curate, 3-zone temperature control for the heating cylinder. 


Wheelco proportioning-type Capacitrols were selected by 
Reed-Prentice to insure accurate, dependable operation. 
Whether instruments are mounted in a cabinet provided by 
the manufacturer like this one, or a complete control center 
is designed and built by Wheelco, you still get the benefit of 
the thorough engineering that characterizes every Barber- 
Colman installation — large or small. Learn how Wheelco 
advanced-design features reduce downtime and simplify in- 
spection or maintenance by writing today for your copy of 
Bulletin F-6485, “Capacitrols for the Plastics Industry”! 


Reed-Prentice plastic injection molding machine 
has plasticizing capacity of 125 Ib/hr. 


BARBER-COLMAN COMPANY 


Dept. S, 1575 Rock Street, Rockford, Illinois, U.S. A. 
BARBER-COLMAN of CANADA, Ltd., Dept. S, Toronto and Montreal, Canada 
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black polyethylene resin 
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for film and extrusion coatings 


@ ALATHON OF BK-22 polyethylene resin, for film 
and extrusion coatings, is a new, high-quality 
black formulation developed by Du Pont for ap- 
plications where resistance to outdoor weathering 
is important. The complete dispersion of carbon 
black in film made of ALATHON SF assures greater 
protection against degradation caused by sunlight. 

\ medium-density material, ALATHON 5F is in- 
termediate in stiffness. toughness. vield strength 
and impermeability. Melt index is well within the 
range commonly found in film and paper-coating 
resins. ALATHON 5F can be extruded under the 
conditions normally emploved in making flat or 
blown film. The resulting products are notably 
free of pinholes and surface defects. ALATHON SF 
is non-toxic and essentially without taste or odor. 
Suggested uses for ALATHON 5F include the con- 
veving and storage of irrigation water; the pro- 
tection of construction materials, mechanical 
equipment, harvested crops, and other perishables 
from weather: ground mulches for crops and orna- 
mental plants: vapor barriers to retard the evapo- 
ration of water during the curing of concrete: 
barriers for use in packaging light-sensitive ma- 
terials; water-resistant construction papers and 
vas barriers in soil fumigation. The tag pictured 


below will enable customers 


to easily identify film ex- in 
truded from ALATHON 5F. / 
Formore property andap- FILM MADE OF 


5F. write to E. I. du Pont 
de Nemours & Co. (Ine.). hj 

Polychemicals Dept., Room 
157. Du Pont Building. 


plication data on ALATHON y Du Pont 


Diack polyetnyiene resin 


Wilmington 98, Delaware. 


TABLE 1—TYPICAL DATA FOR “ALATHON” 5F 


PROPERTY 


MELT Index 


Density, 23 C. 
Base res 


Tensile Strength, 73 


Yield Point, 73 F. 


Elongation, 3 F. 


Stiffness, 73 F. 


Transparency (1 mil 


Carbon Content 


BETTER THINGS 


UNITS 


in 


F. psi 


psi 


psi 


trans 
mission 


METHOD AVERAGE VALUE 


D1238-52T 


D792-50 


D412-51T 


D412-51T 


D412-51T 


D747-50 


D791 


FOR BETTER LIVING 


THROUGH CHEMISTRY 


2.0 


1,750 


1,700 


400 


2.5 


| 
ae 
al 
) 
4 
SU 
a 


PROGRESS THROUGH STANDARDS 


and how shelped” 


Che history of economy in modern business has been 
directly related to the history of Standardization, One 
of the major elements affecting the economic produc- 
tion of finished plastic parts is the high initial cost of 
the mold. A progressive step in reducing mold cost, 
without sacrificing the high quality required, has been 
successfully achieved through Standardization. 

When D-M-E originated Standard Mold Bases and 
their component parts in 1942, it provided the answer 
to the rapidly growing demand for high quality molds 
that would maintain and promote the economic ad- 
vantages of plastic parts. 

Through large volume purchases of quality steel in 
standard sizes and specialized production facilities, 


Speedy W-M-E 
for 
QUALITY... 
SERVICE... 
ECONOMY! 


D-M-E was able to produce and supply high quality 
Standard Mold Bases to mold makers and molders at 
such great savings in cost and time that the benefits of 
Standardization were quickly realized by the Industry. 

Today D-M-E produces twenty-eight different sizes 
of Standard Mold Bases, from 9° x 8" to 233/," x 3514", 
in either D-M-E No. 1 or No. 2 Steel, with a wide 
range of cavity plate thicknesses to satisfy the diversified 
demands required. In addition, over 2,000 finished com- 
ponent parts of the same high quality are available to 
provide additional savings in service as well as in the 
product. 

Properly engineered Standardization puts the accent 
on Economy. When you “Specify D-M-E . . .” you get 
Quality, Service AND Economy! 


DETROIT MOLD ENGINEERING CO. 


6686 E. McNICHOLS ROAD — DETROIT 12, MICHIGAN — TWinbrook 1-1300 


Contact Your Nearest Branch FOR FASTER DELIVERIES! 


CHICAGO 51, ILLINOIS w. vivision cowwmaus 1-7855 


HILLSIDE, WN. J. (wear weWARK) 1217 CENTRAL AVE., ELIZABETH 3-5840 


CLEVELAND 9, 0.-D-M-E CORP. soz 1-9202 
LOS ANGELES 7, CAL. sovrm main strecr, Kons | 
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Old hands at catalytic processes, National Aniline is in a 
particularly strategic position to produce consistently 
high-quality cyclohexanol. 

Our modern new plant at Hopewell, Virginia employs an 
efficient direct process. Our output is substantial, com- 
pletely integrated within the Allied Chemical group and 
completely competitive in every respect. 

Two types immediately available: NAXNOL (100% ma- 
terial) and NAXOL D (Freezing Point Depressed). 
We invite inquiries from present and prospective users 
of either grade and will be pleased to send specifications, 
working samples, price and delivery quotations on C/L 


and LCL quantities 


NATIONAL AWILINE DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 


Akron Atlanta Boston Charlotte Chattanooga Chicago 
Columbus, Ga. Greensboro lLosAngeles New Orleans Philadelphia 
Portland, Ore. Providence Richmond San Francisco Toronto 


qN 


/ \ow Basie Source for 4 
/ ///) Widely Userul Solvent and Intermediate 


H,C CH, 


M-17 


Gentlemen: 


™) Please send samples, technical information and 
quotations on NAXOL 


[] Please have representative call by appointment 
NAME 


COMPANY 


ADDRESS 
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when 
dispersion 
quality 

is 


RITICAL 


you need @dp) concentrates 


ADP blacks are free of agglomerates. They cut compound- ii } 
ing time; save your equipment; save you hours of clean-up 

time; eliminate contamination. Dispersion is a highly tech- 

nical science, requiring specialized research and production 

techniques. ADP is unique in this respect because of its 

background of close to a half-century of experience. 


ADP specialists, technically trained in the manufacture 
and use of dispersions in the plastics industry, are available 
for consultation without obligation. They will tell you how 
and why ADP dispersed blacks make better compounds 
at lower manufacturing cost. 


MORRIS BUILDING, PHILADELPHIA 2, PA. @: A UNIT OF ACHESON INDUSTRIES, INC. 


West Coast Distributor: B. E. DOUGHERTY CC., LOS ANGELES 21, CALIFORNIA 
In Europe: ACHESON COLLOIOS LIMITED, 18 PALL MALL, LONDON, S.W.1, ENGLAND 


‘ 

whe 

eke 

a 
“4 ACHESON DISPERSED PIGMENT 


Sturdy OPALON 72285 over primary 
insulation for color-coded, weather 
resistant jacketing. Polyethylene 
14202 and 11302 for primary in- 
sulation of conductors and insulation 
for steel support wire in Multi-Pair 
Distribution Cable 


OPALON 


Polyethylene 12203 and 12253 for 
primary insulation, Polyethylene 
14202 for jacketing in jacketed 
Thermoplastic-insulated, Thermo- 
plastic-sheathed Telephone Cables. 


your finest single-source for polyethylene 
Wire and 


supply 


cable producers like the multiple choice that Monsanto 


offers —9 formulations, polyethylene or Opalon vinyl, 


developed for critical communications applica- 


all specially 
c10ns. 


Here, from one great single-source, are the insulating com- 


pounds combining the different mechanical and elec- 


trical properties you need . . . insulating efficiency, extrusion 


mary insulation in various types of 
communication cable. 


and vinyl telephone insulating compounds 


| 


1706 for semi-rigid pri- OPALON 1006 for primary insula 
tion, OPALON 72217 for jackering 


in Inside Telephone Wiring Cable. 


Rugged weather-resistant color-coded 
OPALON 72285, available in eight 
standard colors, for primary insula- 
tion and Polyethylene insulation for 
steel support wire on Urban Distri- 
bution Cable. 


characteristics, surface finish, weatherability, colorability 
Call in your local Monsanto representative for the full com 
munications story, or write for tech- 
nical data and other information to 
Monsanto Chemical Company, Plas- 


tics Division, Room 1874,Springfield 


2, Massachusetts. 
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CLOSE TOLERANCE EXTRUSIONS... EASIER... 
FASTER ... WITH THE EGAN EXTRUDER AND 
“WILLERT TEMPERATURE CONTROL SYSTEM”* 


This revolutionary Egan combination automatically puts an 
end to the problems of heat control and quick cooling in the 
extruder cylinder ... Simply pre-set the temperature and the 
“Willert Temperature Control System” takes over, providing 


completely automatic instrumentation. 


NO MOVING PARTS 
NO PUMPS, BLOWERS, COMPRESSORS 
NO MANUALLY OPERATED VALVES OR SWITCHES 


Available in full range of extruder sizes—2” through 8” 


The strip chart reproduced at left shows actua! material temperatures recorded during 
a typical day-long production run. Readings were obtained by inserting a thermo 
couple in the plastic melt at the output end of the extruder 


Write, or Phone Randolph 2-0200 
For Complete Information — 


*potent applied for 


FRANK W. Egan AND COMPANY 


SOMERVILLE, NEW JERSEY 


Manufacturers of plastics processing equipment 


Cable Address: "EGANCO"’— SOMERVILLE NJER 


REPRESENTATIVES: MEXICO, D.F.—M.H. GOTTFRIED, AVENIDA 16 DE SEPTIEMBRE, NO. 10. JAPAN— 
CHUGAI BOYEK! CO., TOKYO. LICENSEE: GREAT BRITAIN — BONE BROS. LTD., WEMBLEY, MIDDLESEX, 
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CRUCIBLE CSM 


_.. from warehouse stock 


The mold which 
produced this plas- 
tic drainboard is one 

of the largest plastic 
molds ever built on the west coast. A block 
of CSM 2 was the steel used . . . obtained 
from local Crucible warehouse stock. L. D. 
Plastic Tool and Die Co., South Gate, 
California, built the mold for Alladin Plas- 
tics, Inc., Los Angeles. 


CRUCIBLE CSM 2 was the choice for 
two big reasons—quality and convenience. 
Ultrasonic inspection of every piece, re- 
gardless of size, insures unvarying quality. 
And regular stocks of 205 different sizes 
of CSM 2, carried in Crucible warehouses, 
means fast delivery whether your applica- 
tion calls for a pound or several tons. 


Next time you need mold steel, call your 
nearest Crucible warehouse. The steel you 
want will be in your plant in a matter of 
hours. Crucible Steel Company of Amer- 
ica, The Oliver Building, Mellon Square, 
Pittsburgh 22, Pa. 


CR UJ C i a LE| first name in special purpose steels 


| Crucible Steel Company of America 
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Available for 
your Immediate kvaluation... 
Commercial Quantities of 
Cyanamid’s New Heat-Resistant 
Thermoplastic 


CYMAC” METHYLSTYRENE 
MOLDING COMPOUNDS 


— These compounds are so heat resistant that molded products show no distortion 
J | after repeated immersion in boiling water. 


1. CYMAC 400 Polymethylstyrene—offers unusual heat resistance plus all the 
desirable properties of polystyrene: excellent electrical properties, clarity, 
luster, and unlimited range of transparent and opaque colors. 

2. CYMAC 201 Methylstyrene-Acrylonitrile Copolymer—better toughness, 

chemical and craze resistance than CYMAC 400—plus heat resistance, 

clarity, luster, wide color range and excellent insert retention. 

Both of these new molding compounds provide the added value of remarkable 
= heat resistance at costs no greater than competitive materials. 


These new methylstyrene thermoplastics will help you upgrade existing molded 
products and find new consumer and industrial applications. 


‘ oll Write or call today for technical information and color chips. 


AMERICAN CYANAMID COMPANY 
—-~ PLASTICS AND RESINS DIVISION 
= 32D Rockefeller Plazo, New York 20, New York 


In Canada: North American Cyanamid Limited, Toronto and Montreal 
Offices in: Boston - Charlotte » Chicago « Cincinnati - Cleveland - Dallas - Detroit - Los Angeles - New York - Oakland - Philadelphia - St. Louis - Seattle 
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for Platen Presses 


proper instrumentation and atten- 
tion to critical control points are needed 
to achieve the best production of which 


your platen press is capable .. . 


}}] ANY OF US REMEMBER the days when the 


represented 
Today’s end 


pressure gage on the steam line 
instrumentation on a platen press. 
mand greater product 
Was possible in those 
hastened the 
ation, Instrumentation has been the key to this 


Process control factors for a platen 
1. Platen preconditioning 
(a) purging 


(b) temperature 


press 


equalizatior 
2. Rate of temperature rise 
Maximum temperature 

}. Cure time at selected temperature 


5. Rate of cooling 
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Temperature Control 


J. C. Stansel 


(reneral Electric Co. 


Cosi 


all the 


uses de- 
uniformity and performance 


than 


years, and these new demands have 
refinement of proce ss control of press oper- 


control. 


include; 


For these 
struments are 


necessary controls, standard control 
available, and require only that the con 
ponents be integrated 
control hook-up typical for a 


the photo above. 


muster control system, \ 


platen press is shown it 


This system is essentially automatic. Th 
operator makes the necessary settings and then actuates a 
starting switch. He may return to make a selection of the 
thermocouple for 
selection of the 
ator need return only for observation. 

In multi-sheets presses it is desirable to have a delnuy 
period to permit center boards to approach the 
ture of the 


control. Experience can permit pre 


control thermocouple and then the open 


tempera 


outer boards. This can be accomplished by 


This paper was pre sented at the Thirteent] 
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the 


eam Control pointer ahead of the rate of rise 
ntrol. This allows full steam in the platen initially, 
owed by a reduction in the steam input when the two 

ontrols reach the same temperature, This results in 


x in the temperature rise of the outer boards. 


Control Limits 


Typical controlled cycles can be held within these 
limits: maximum temperature plus 0 to minus 4°C, and 
time at cure plus or minus 3% minutes. X minutes plus 
or minus between T, to T. degrees. 

This all may seem too good to be true. At first it 
probably will be. There are many contributing factors to 
temperature control, each of which influences the final 
result. Some of them are: Hydraulic pressure, platen 
thickness, piping, and coring; padding, plates, material, 
ind thermocouple location. 

The first thing the instrumentation will accomplish 
is to point out irregularities between platen openings, 
and within a given opening from cycle to cycle. This will 
be indicated by the points plotted on the strip chart re 
corder. The probable pattern will show considerable vari 
ution but no set pattern. The degree to which these ar 
corrected will be the degree to which temperature uni- 
formity can be obtained in any system, Each must be 
studied, evaluated, and corrected as necessary. 

Let us look at some of the points where improve 


ments in press operation are to be had: 


1. Pressure: (hydraulic) 

(a) Rate of heat transfer is affected by pressure and the 
maximum permitted by product quality is desirable. 

(b) Uniform source of pressure is obviously desirable. 
Fluctuations of not more than 50 pounds per square 
inch are reasonable in the 1000-1500 pounds per square 
inch platen pressure range. 

(ic) Padding will influence pressure pattern and will be 
covered later in detail. 


2. Platens: 

(a) Platen dimension in relation to material size is im 
portant, much more so if an uninsulated press and 
platens are used, Platens should be at least two inches 
larger in length and width than the part produced. 
This reduces radiation losses and minimizes the 
effect of the unheated edge. However, the press and 
platen sizes are usually fixed and can be changed 
only on new units, Centering of loads in oversized 
platens is critical for uniform pressure. Each open 
ing must be closely aligned with the ones above and 
below. 

(b) Optimum platen thickness is three inches to three 
and one-fourth inches for minimum effect of warp 
age, deflection, and permitting required size coring 
for optimum total cycle time. It may be found neces 
sury to add a thin, cored platen under the press head 
and possibly over the ram cap to prevent heat losses. 

ic) Coring 
The size should be one inch to one and one-eighth 
inches, This is best done by drilling straight through 
between milled slots along edges so that steam flow 
is across the platen. Blocking alternately opposite 
sides will give a serpentine path for steam flow and 
if the length of the platen is over fifty inches, 
multiple feeds and exhausts should be used. Inlets 
and outlets should be staggered so that their effects 
off-set each other. (This, of course, is exclusive of 
the two end positions). While the above is acceptable 
the best arrangement for rapid heating and cooling 


Siz feer 


With minimum non-uniformity is u side header supply 
ing steam directly to each steam channel directly and 
exhausting into another header. 

(d) Trapping is important and the size of the traps 
critical. Frequent trap action is necessary to kee} 
the system free from condensate. Traps will be re- 
quired on at least each platen and on the longer 
ones two or more will be required. The best condition 
will be obtained with a trap size smaller than is 
usually recommended by trap vendors so that frequent 
trap action will be obtained. 


3. Plates: (cauls or pans) 

(a) Selection will be governed by desire for resistance 
to service damage from scratches and dents versus 
rate of heat transfer. The rate of heating is in 
fluenced mainly by the mass of processed material 
and therefore stainless steel is usually selected either 
with or without chrome plating. 

(b) Thickness: 
Sheets from which plates are ground have a crown 


Uniform plate thickness is Important. 


from the rolling operation and the best tolerance 
specification is plus or minus .008”. Refinishing equip- 
ment will probably aggravate this unless special at- 
tention has been given to this operation to eliminate 
the crown and thin edges. 


1. Padding: 

Selecting the proper material for padding has to be 
done with these points in mind: heat transfer, padability, 
cost including serviceable life, uniformity, cleanliness. 

To off-set non-uniformity, not only of the pad material 
but of the entire system, a pressure shim can be used 
effectively, although its use requires careful handling. 

Usually pads of material which last more than one 
cycle will require additional material added after the 
first or second cycle to compensate for increased heat 
transfer which results from the then more dense mass. 

The two popular materials are asbestos cloth and 
kraft paper. A number of especially constructed pads are 
commercially available now and have real value. 


>. Thermocouples: 

Any number of manufacturers can supply either 
the wire to build thermocouples or prebuilt ones. In prac- 
tice these can be made by one of the press operators. 

Placement of the thermocouple is important; not only 
how it is placed but where. As a part of the development 
of a control system, a study of temperature variations 
within a platen opening within a unit part, and from 
opening to opening will have to be made if the maximum 
benefits are to be had. After selecting the most represen- 
tative point to locate the thermocouple with due regard 
to ease of insertion, the thermocouple wires should be 
spread apart to the maximum span and carefully inserted. 
This spread will prevent shorting with consequent ex- 
cessive flow of materials during curing. 


6. Materials: 

The amount permissible will be determined by the 
overall sensitivity of the thermal system and the require- 
ments of the product. For reasonable press cycle times 
(one hour) and cure control within plus or minus three 
minutes at temperature, the amount of laminate pressed 
will be about one inch of thickness or six boards pet 
opening, whichever is less. 

The sensitivity of the materials to heat and thei 
thermal conductivity will directly affect this. x* 
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Shape Extrusion 


Studies on Nylon Resin 


Karel G. Toll 


kl. du Pont de Nemours and Co., Tne. 
Wilmington, Delaware 


The take-off technique most suitable for handling the extrusion of Zytel is the water 
quench method. The vertical and horizontal water quench techniques are discussed to- 
eether with the function of air gap control and post handling details. These methods have 
been used to fabricate a variety of cross-sections on a commercial scale. The development 
and growth of these methods will continue as experience is gained. The adaptability of 
the high melt viscosity resins to existing extrusion practice will greatly facilitate the ac- 
cumulation of this know-how. 


YTEI NYLON resi: Ss now a commoniyv ac Variety of shapes and forms throug extrusion proe 
YA cepted engineering material and as such has found ng. Nylon extrusions has just begun to be exp ‘ 
its place as a standard material of construction for e n the areas where toughness, abrasion resistance at 
gineering and product design. This status as a desig high temperature properties are required. The eco 
material has been materially strengthened by the recent f the extrusion operation, together with the variety 
development of an extrusion grade. This development of shapes possible should greatly increase the rate at whic 
a resin tailored specifically for extrusion is an out-growt! the market for nylon products is broadening. 
of basic research carried out by du Pont in two fields. The During the last year and one-half, following the ce 
extensive work which has been done on the fundamentals velopment of Zytel 42 by the Research Division, conside 
of the extrusion precess mad t possible to de fine clea ly able effort has been expended at the du Pont Polvchen 
the equirements of an extrusion resi Then couple cals Sales Service Laboratory toward selecting the 1 ! 
vith this, the wealth of accumulated know-how in nylon er extruder design and establishing optimun perat 
polymer chemistry made possible the synthesis of a resi This included adaptation of the most suitable technique 
to meet these requirements. Phe levelopment of Zyte for handling this new extrusion resn Major emphas 
12, as this extrusion resin is designated, is of particula has been placed on the extrude operation and design 
significance becaust t means that common commercia because of its spec fic nature This work s covers 
fabrication is 2 igre estricte the injection mold Part I The areas of le eS1g1 in take t} echnid 
ng technique, but now makes available an entirely new are discussed in Part II 

Before proceeding with this processing st gr) 

esente ] f al s available commercially fro producti 
‘ ‘ pment It Ss ext led at tempera of 
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Figure 1. Melt viscosity of polyethylene and nylon as a 
function of temperature. 
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Figure 2. Zytel feed characteristics for a metering type 
screw. 
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Figure 3. Feeding and conveying profiles for two L/D 


ratio screws. 


Figure 4. Screw temperature profiles for two L/D ratio 
screws. 


to 600°F. and at these temperatures has a melt viscosity 
of 20,000 to 40,000 poises. To get a better perspective 
of the melt strength of this new resin refer to Figure 1. 
It can be seen here that it is about six times as viscous 
as molding grade nylon and is well into the melt viscosity 
range of polyethylene. Because of the importance of 
melt viscosity or melt strength in an extrusion resin this 
figure shows how the resin fills the requirements of a true 
extrusion plastic. Instead of working with a material 
with the flow characteristics of number 10 motor oil we 
now have available a stiff, shape retaining melt which 


igi 


can be handled on well designed conventional equipment 

It is important to note that end products of Zytel 42 
have the same premium properties which are associated 
with those of its well known molding counterpart. The 
extruded product has the same high strength, toughness, 
stiffness, abrasion resistance and high softening point. 
These properties are already at work in many commercial! 


end uses where extrusion fabrication is required. 


PART | 
Extruder Design 


Laboratory development work has shown that Zyte!l 
$2 can be readily processed in properly designed com 
mercial extrusion equipment. 

The most important design consideration is the ex- 
truder barrel length. This is important in any extrusior 
and nylon is no exception. Experience has established two 
very definite benefits of the long barrel, that is 20:1 
length to diameter ratio. 

(1) Trouble-free feeding with minimum output vat 

iation, and 

(2) A more homogeneous melt of narrow tempera 

ture distribution. 


20:1 L/D Barrel—Feeding Characteristics 


The solid resin is a tough, resilient material and 
these properties, unless properly considered, result in 
erratic output variation and plugging or bridging in the 
feed section. The way in which increased barrel length af 


fects this situation is indicated in Figure 2. This drawing 


shows the typical metering type serew which is recom- 


mended for nylon extrusion. The screw is divided fune- 
tionally into two parts, the feed section which plasticizes 
and conveys the melted resin forward and secondly, the 
metering section which pumps this stock at a constant 
output, 

The feeding characteristics can be better understood 
by examining what actually takes place in the rear 
section of the screw. The initial portion of the feed 
section consists of five or six flights which are for the 
most part a dry solids conveying section. Following a 
transition zone, the remaining flights of the feed section 
are conveying melted material. The interaction of the 
tough resilient nylon particles results in erratic con 
veying from the dry section. The measuring length 
of feed section must iron out these pulsations and 
therefore the number of flights available for this functior 
is important. The drawings in Figure 
L/D serew with one of relatively short length, 12:1 LD. 
We can compare the length of feed section available 


compare the 20:1 


for dampening action in each case by assuming first that 
four flights are used in the metering section, and second, 
that approximately six flights are involved in dry solids 
conveying. The difference in this critical dampening length 
is significant, ten flights in the 20:1 screw as compared 
to the two flights available in the 12:1 ratio. 

This example compared barrel lengths of extreme 
difference, and the operating characteristics of the two 
designs are also very different. The 20:1 L/D extrude: 
operates with complete absence of bridging or plugging 
in the feed section. The output variation is minimized. 
The short barrel on the other hand is very susceptible 
to feed stoppage. This can be attributed to the short 
dampening zone. The surges which occur under these 
circumstances gel together clumps of unmelted particles 
which ride with the serew and upset the conveying 
action of the extruder. The output in the case of the 12:1 
machine is very erratic and even with level operation car 


vary + 8% ina 2-'®” machine. 
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20:1 L/D Barrel—Melt Temperature Distribution 
In addition to the great improvement in operatibility 
ust described, there is one other very distinct and im 
portant improvement which is derived from the 20:1 L. I) 
barrel design. This benefit is improved temperature dis 
tribution or homogeneity of the melted resin leaving the 
barrel. The narrow melt temperature distribution ob 
tained with the long barrel is simply a result of greate) 
heat transfer area, together with better mixing. The 
chart in Figure 4 which compares the barrel temperature 
profile of the long and short machine will clearly illus 
trate this point. Here it can be seen that for a given 
extruder output and stock temperature the profile of the 
short barrel must be about 50°F. higher than in the 
longer machine. The higher barrel temperatures required 
together with the shorter mixing time results in a much 
broader spread of temperatures in the extruded resin. The 
difference in melt temperature distribution obtained from 
each machine is illustrated in Figure 5. In terms of 


operating benefits a narrow melt distribution means sev 


eral things. First, a much wider extrusion temperature 
range is possible because the upper and lower extrusion 
limits cannot be exceeded by small percentages of material 
at extreme temperatures when smal! changes in the mean 
temperature are made. Secondly, this more homogeneous 
material results in a melt which is free of gel particles 
and bubbles, and yields a much higher surface gloss on 
the finished product. 

The long barrel extruder provides the basis for high 
caliber extrusion processing of nylon. The improved oper- 
ating characteristics and extrudate quality are obtained 
at a moderate increase in initial investment which pays 
for itself through high raw material utility. 


Hopper Feed Throat Design 

Although the barrel length is the main consideration 
in a nylon extruder, there are several other design as- 
pects of importance. One of these concerns the prope 
selection of the hopper feed throat. 

In most extrusions resin particles are picked up 
between the flight land of the screw and the barrel wall. 
This occurs at the pinch point where the screw flight 
wipes across the feed throat opening. This is not import 
ant where soft or brittle resins are concerned, but the 
toughness, resilience and abrasion resistance of Zytel 
require consideration of this pick-up from a machine de 
sign standpoint. If the feed throat design is such that the 
pick-up of these particles becomes excessive, the wedging 
action at the barrel-flight clearance will cause extreme 
overloading of the extruder drive and often result in a 
complete stoppage of the screw. 

The answer to this problem lies in two simple design 
considerations; the design of the feed throat and the 
screw-barrel clearance. Figure 6 shows in cross-section 
three types of throat design. The under-cut type of feed 
which was originally designed for the extrusion of rub- 
ber strip, is definitely rot good design for nylon. The 
long length of intersection between the flight and throat 
opening results in excessive pick-up of resin particles. 
The other two types, the straight tangential and direct 
overhead feed are both satisfactory, however, the circular 
cross-section direct overhead design offers minimum pick 
up intersection and was used in our laboratory work. 

The second consideration of serew clearance is also 
important. Radial clearance of less than .005 greatly 
aggravates the wedging problem and should be avoided. 
A minimum radial clearance of .005 in the dry-solids con- 
veying section of the screw is recommended, especially in 


the smaller diameter extruders. 
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Figure 5. Melt temperature distribution for 20:1 and 12:1) 
length/diameter ratio screws. 
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Figure 6. Hopper feed throat for Zytel nylon resin. 
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Figure 7. Screw design data for Zytel extrusion. 


Head Design 


Since heat resistance is an inherent property of 
Zytel 42 high extrusion temperatures are required (500 
600°F.). This requires careful design to prevent exces 
sive heat loss from radiation. This is especially true at 
the extruder head, die and die adaptor where this exces 
sive heat loss can lead to cold plugs and possible machine 
damage. We have used the bolt circle type attachment 
because it is readily fitted with heater bands, however, 
any extruder head attachment which allows good tempera 
ture control is satisfactory. The aim here is to maintain 
an ideal insulation. 


Screw Design 

The constant pitch metering type screw is recom 
mended for the extrusion of nylon. The functions and 
operating principles of the design have been discussed 
in previous papers (Reference 1) and need not be repeated 
here. However, the chart, Figure 7, will indicate the 
recommended dimensions for extrusion. 
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Instrumentation and Control 

Instrumentation and control are becoming increasing- 

important in all extrusion operations. The importance 
f precise temperature regulation in nylon extrusion de- 
mands the combination of optimum extruder design plus 
in adequate control system. Emphasis on good control has 
prevailed in the development work discussed in this 
paper and therefore the approach to this subject should 
he outlined. 

The primary extruder control point, once output ts 
letermined, is the temperature of the melted plastic as it 
enters the die. This temperature is measured by the 
tock thermocouple (Reference 2) located in the melt 
stream and it is continuously recorded. This control 
temperature is regulated by extruder barrel temperatures. 
Che temperature control in the die system is run adiabat- 
cally, that is, no attempt is made either to add or remove 
heat from the resin onee it leaves the screw. The reason 
that no attempt is made to regulate stock temperature 
in the die areas is because little or no mixing occurs. This 
lack of mixing would result in increased temperature 
spread and therefore, non-uniform flow characteristics. 
In practice the extrusion temperature profile would be 
similar to that shown in Figure 8. 

In the temperature control system, proportional type 
controllers are used on the barrel, die and die adaptor. 
The sensing thermocouple for these controllers is located 
in or near the heater band surface and a corresponding 
indicating thermocouple is located deep in the barrel wall 
and continuously recorded along with the stock tempera- 
tures, 

In addition to temperature control there are two 
ther valuable insights to extrusion conditions which are 
ndieated. These are the extruder head pressure (Refer- 
ence 2) and the extruder drive motor amperage. 

The money invested in simple but adequate contro! 
equipment and instrumentation is returned in reduced 
waste and faster line out of extrusion operating condi- 
tions. It is, therefore, money well invested. 


PART Il 
Die Design and Take-off Techniques 


The establishment of proper extruder design and 
control is much more easily accomplished than will be 
the definition of the next steps in the extrusion operation. 
Since die design and take-off techniques often boil down 
to an individual problem with each shape or form, only 
limited generalization can be made. Our approach to 


Figure 8. Temperature control profile for ‘Zytel’ nylon 
resin extrusion. 
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these problems will be concerned with the adaptation of 
the accepted extrusion techniques which have proved 


most suitable for nylon. 


Die Design 

The design of shape extrusion dies for any thermo 
plastic is still a trial and error art where experience 
is of primary importance. Although we are doing ex- 
tensive research on the flow of thermoplastics through 
orifices, no attempt has been made here to resolve this 
art to a more mathematical approach, but rather an out- 
line has been made of the pertinent factors which ex 
perience has shown are important. The common factors 
of pressure drop and decreasing output across a die slit 
together with the problem of flow in adjacent sections 
of different thickness are just as important in nylon 
extrusion as in other resins and must be accounted for 
in the same manner in the die design. Some of the 
factors which are particularly important for nylon de 
sign are described below. 


Adaptor and Die Approach 

Zytel is a stable extrusion material; however, as in 
all thermoplastics, it is particularly important to elimi 
nate the hold-up of material in stagnant areas or corners 
as it flows through the adaptor system to the die open 
ing. Excessive hold-up because of poor design results in 
vel particles and carbon formation which reduce output 
quality. This situation is prevented by proper contouring 
of the die adaptor and the approach to the actual die 
opening. The object of design here is to have a con 
tinuous flow of resin from the extruder outlet to the die 
with no crevices or stagnant area to allow excessive hold 
up of even a small amount of polymer. 


Draw-Down 

Draw-down is the drawing action applied to the melt 
as it leaves the die. It gives stability and shape retention 
to the melt because of the tension applied and results in a 
‘eduction of cross-sectional area of the piece. Draw-down 
is defined by this reduction of area and is expressed as 
the ratio of the cross-sectional area of the die to the cross 
sectional area of the final product as illustrated in Figure 
%. In the shape extrusion of nylon the range of this ratio 
in die design is about 1.5 to 6.0 depending on the shape 
in question. A draw-down of 1.5 or more is necessary 
to supply adequate melt tension. Ratios in excess of 6.0 
are seldom necessary and have the disadvantage of re 


quiring a large die opening. 


Figure 9. Die design draw-down. 
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Figure 10. Vertical free extrusion “Zytel’ nylon resin. 
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Draw-down need not be evenly distributed over the 
cross-section of a shape. In the case of sections witl 
thicknesses of less than 50 mils the draw-down of the 
thickness dimension is two or three times as great as that 
for the overall dimensions of the piece. This gives a 
sturdier melt section leaving the die and results in a 
smoother extrusion. The ratio of the thickness to linea! 
dimensions can be controlled by the air gap, the distance 
between the die and quench bath. This function of air-gap 


s discussed in a later portion of the pape 


Land Length 


Our work has indicated that land length is not critica 
except in the control of the die back pressure. This back 
pressure is important in minimizing the effect of pressure 
drop across the die opening (extrudate width) and also 
in eliminating weld lines from spiders or mandrels in a 
cross-head. The back pressure necessary to accomplish 
this is 500 to 1000 pounds per square inch. The large) 
the die opening the longer the land length required to 
maintain this back pressure for a given output and 
temperature, 

A variety of successful dies has been made using the 
general guides as outlined, but each shape presents its 
own problems which no written generalization can cover. 
It is here that the trial and error technique must be 
employed in conjunction with suitable shape retentior 


techniques which will be discussed late: 


Take-off Techniques 

The take-off step involves the cooling and solidifica 
tion of the extruded resin while maintaining the shape 
imparted to the resin by the die opening and the draw 
down. This step is most satisfactorily accomplished in 
nylon extrusion by using a water quench bath. One 
method is shown in Figure 10. The water quenching 
technique can be broken down into several steps, each 


if which will be discussed. 


The Air Gap 


The air gap is the distance between the die and the 
quench medium. The material in the air gap, since it ts 
molten, is the weak link in the extrusion chain and con 
sequently all draw-down takes place within this section. 
The air gap affects the cross sectional distribution in all 
but solid, symmetric shapes. This is most easily illustrat- 
ed by the example in Figure 11. Here the effect of air- 
gap length on cross-section distribution is indicated. 
The short air-gap or high draw-down rate increases 
overall dimensions but decreases thickness. With the long 


air-gap the converse is true. In the short air gap, because 


of the high draw-down rate, orientation of the very oute: 
skin takes place as it is formed. This results in warping 
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Figure 11. The effect of air gap on cross-section. 
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of the I-beam faces as shown in the diagram. With a lony 
air gap because of the low draw-down rate the surface 
tension of the molten plastic causes rounding of the flat 
sides. 

The air gap, since it influences the cross-sectiona 
distribution of an extruded shape, can be used in cor 
unction with dic design and draw-down as a shape cor 


trol variable. 


Shape Retention Techniques 

In the free extrusion of nylon into a water quenel 
post-handling of the extrudate as it enters water is some 
times necessary to retain the shape imparted by the du 
This is especially true of assymetric sections of thin cros 
section. The name which best applies to this procedure i 
“Rube Goldberg”, for it involves the use of various gad 
gets for controlling and maintaining the shape as 1 
enters the bath. This again is a well-known art among 
extruders. It is different in the case of nylon only in that 
the operation takes place just beneath the water surface 


Guides and Rollers 


Another important aspect of the take-off teehnique 
is the use of guides, rollers and the like to insure smoot 
handling of the extrudate as it runs through the quench 
bath. This is mentioned in the case of Zytel 42 because 
the characteristic stiffness of the solidified resin can lead 
to exeessive vibration and “whipping” if proper pre 
cautions are not taken. Any vibrations or other motion i 
the cooling step are transmitted to the air-gap and result 


in surface irregularities and poor dimensional eco 


Vertical vs. Horizontal Extrusion 

Shape extrusion using the water quench technique 
can be done vertically downward, horizontally, as in wir 
coating, or at some suitable angle in between these two 
The horizontal technique is probably most commonly use: 
because it does not have the problem of making a great 
than ninety degree bend to leave the quench bath. How 
ever, in the case of sections which are flexible and would 
run smoothly around this bend, the vertical extrusion otfe 
a much sharper control of the air gap in addition to the 
advantage of decreased space requirement. 

In both these techniques a set of variable speed rub 


ber pinch rolls is used to pull the extrudate from the 


lie through the quench bath. ** 
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Styrene Monomers 


Safety in Handling and Storage 


Robert F. Helmreich 


The Dou 


Chemical Co, 


Vidland, Michigan 


The fire hazard involved in handling sty- 
rene is the same as that for any flammable 
organic liquid. 

Like any volatile liquid, the styrenes 
may present hazards from inhalation of vap- 
or and from contact with skin or eyes. The 
toxic and physical properties are such that 
these hazards are not unusually serious, and 
simple precautions permit safe use and hand- 
ling of styrene monomers. 


J? AVOID FIRE in handling styrenes, one must try 
to prevent the formation of an explosive or com- 
bustible mixture, and avoid a source of ignition for such 
mixtures us do occur. 

To learn about explosive mixtures, one may consult 
the explosion limit curve for the individual monomer. The 
one for styrene is shown in Figure 1. Note that the ex- 
plosion limit for styrene is between 1.1% by volume and 
un upper limit of 6.1% by volume, Actually this is rough- 
ly correct for several styrene monomers, the shaded por- 
tion being displaced slightly in one direction or the other 
depending on the boiling point of the monomer in ques- 
tion. At room temperature and atmospheric pressure, there 
is not sufficient styrene vapor above the liquid to yield an 
explosive mixture, but at slightly elevated temperatures 
such a mixture will exist. 

The problem of explosive mixtures of styrene in ai 
is more serious in systems using vacuum or pressure, for 
example, in impregnation of porous castings. Actual con- 
ditions may lie outside the explosion limits, but the vapor 
system may pass through a danger zone in reaching the 
desired temperature and pressure, Thus, a vacuum impreg- 
nation at 122°F. and 4 inches of mereury involves a non- 
explosive mixture of styrene and air, However, during 
the evacuation from atmospheric pressure to 4 inches of 
mereury at 122°F., the system goes through the explosion 
‘one. This hazard can be eliminated by performing the 
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The tendency of styrene to polymerize 
requires precautions to prevent premature 
reaction in storage tanks, to avoid equipment 
damage as a result of high temperatures 
generated spontaneously. 

The reaction of styrene monomer with 
dissolved oxygen from the air requires 
special attention to avoid contact with air, 
and consequent degradation. 


VAPOR CONCENTRATION OF STYRENE MONOMER IN AIR 
_ AT VARIOUS PRESSURES AND TEMPERATURES 
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Figure 1. Volume °%, styrene in air 
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at room temperature, then heating to 122°F. 
afte: the pressure has bee? reaqucedqd, By such procedures 
it is possible to avoid hazardous explosive mixtures i 
many pressure or vacuum operations 

One of the simplest ways to avoid explosive mix 
tures with styrene, and other organic materials, is t 
flush the system with nitrogen or other inert gas (such 
as helium or carbon dioxide) prior to evacuation, and to 


use Inert gas for pressurizing. 


Points to Remember 


There are some useful points to remember in mini 
mizing the hazard of fires and explosions: Regular i 
spection of equipment in storage areas. Immediate care 
of occasional leaks in lines, pumps, and vessels. Good ven- 
tilation to prevent the accumulation of concentration of 
any vapors; this includes regular tests with a combustible 
gas indicator in areas where vapors may accumulate, 
proper drainage to remove accidental spillage quickly, 
avoiding compression of gus-air mixtures (the rise in 
temperature at the compressor may ignite such mixtures), 
periodic tests on pressure equipment, use of special alloy 
nonsparking tools in repair or service in areas which may 
contain combustible vapor. 

Explosive or combustible vapor mixtures with air are 
sometimes unavoidable in handling organic liquids, As an 
example we may simply cite pouring from an open vessel. 
The flash point of styrene itself is S& F., (see Figure 2) 


Figure 2. Flammability of Styrene type Monomers. 


Flash Fire Boiling Ignition 


Point Point Point Temper- 
Sty rent 88 93 293 914 
Vinyltoluene 140 155 340 
alpha-Methylstyrene 136 136 329 


with its boiling point of 293°F. Other members of the sty 
rene family are in this same range, The fire point of 
styrene is 93°F. and its kindling temperature is 914°F. 
in air. This means that at temperature of 88°F, styrene 
will produce enough vapor in air above the liquid to flash 
if a flame is near. At 93°F. it will produce enough vapor 
to burn continuously if ignited. In a combustible mixture 
of styrene vapor with air, a temperature of 914°F. will 
cause it to ignite explosively, even in the absence of a 
flame. 

It is obviously good practice to avoid ignition by keep- 
ing ftlames, heaters, and welding equipment away from 
an area in which hydrocarbon vapors can mix with air. 
Sparks from static electricity are a less generally recog 
nized hazard, though the spark may well achieve a point 
temperature of 914°F., all that is necessary to ignite ar 
explosive styrene-air mixture. 


Static Electricity 


Organic liquids, the styrene monomers included, have 
i very high volume resistivity and can pick up and hold 
a static charge during transfer, for example from a tank 
car to a storage tank. If static discharge takes place by 
sparking, a fire may result. Fortunately, sufficient protec- 
tion is obtained if discharge of the static electricity is 
made more or less continuous, without sparking. This 
can be accomplished in storage tanks by connecting a good 
ground to the end of any pipe from which free flowing 
monomer emerges. A sample line should be grounded to 
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the pall by a chan before s taker 
large tanks, the dip pipe should be submerged, so that 
incoming material does not fall through the an If the 
inlet is shorter, permitting this free fall of liquid, a cha 

should be attached so that it touches the bottom of the 
tank. Where friction drives must be used in a. stvrene 
storage area, belts or pulleys should be grounded by a 


wire brush or comb to avoid static sparks 


Open Switches 


Arcing from open switehes and motors represe! 
a very definite hazard, but this can be avoided by 
of equipment specified in the fire underwriters code 

When fires do occur with the syrenes, incomplete cor 


mie 


bustion may form poisonous products, such as carbor 
oxide. This would be true of any hydrocarbon material 
For this reason, avoid breathing fumes, smoke and ga 
liberated by burning styrenes. The fire extinguishing prob 
lem in the case of the styrene monomers differs littl 
from that with toluene, kerosene or other moderately high 
boiling liquids, Carbon tetrachloride, carbon dioxide ind 
foam extinguishers are all suitable. If eleetrieal equip 
ment is involved, suc h us hot plates or opel electri 
motors, foam extinguishers should be avoided 

The toxie effects of excessive inhalation of styren: 
vapors have been studied by experiments on laboratory 
animals. The styrenes are acutely acting materials, witl 
two principal toxie affects; first, an irritating action upon 
the eyes and respiratory passages, particularly the lungs; 
second, i depressing action on the central nervous s\v 
tem resulting in unconsciousness, and ultimately in death 
Even with this, we can say that the styrenes are not 
dangerous chemicals, because odor and irritation will 
give ample warning, far below dangerous concentra 
tions. Concentrations of about 50 parts per million of the 
styrenes in air can be detected, and two hundred parts 
per million are very noticeable. A concentration of S800 
ppm. or perhaps 1,000, can be tolerated for a period of 
only several hours, but such exposure is highly disagree 
able and leads to a number of complaints. Now these are 
concentrations men will often tolerate. However, after 
exposure for 8 hours to concentrations of 1,500 to 2,000 
ppm., only slight actual physical symptoms are apparent 
to the trained observer. A concentration of 400 ppn i 
air is a maximum permissible concentration for daily 


exposure, Concentrations of 100 to 200) ppn depending 


on the individual monomer, are usually comfortable 


Personal Hazard 


Whenever handling operations are such that liquid 
styrene monomer may touch the skin or clothing, work 
men should wear protective clothing, such as iImperviou 
gloves, aprons and shoes to avoid frequent or prolonged 
contacts. Where styrene 1s spilled on clothing, that cloth 
ing should be removed immediately, and discarded, washed 
or thoroughly aired until the odor of styrene disappes 

Styrene monomer is 2 simple material to ship and 
store. Ordinary cold rolled steel drums tank ure 
adequate. Threaded steel pipe is satisfactory for line 
though flanged lines are better for pipe sizes above 1 inch 
It is important that no equipment in contact with styren 
monomer contain copper or its alloys, since they will in 
part color and give a definite inhibitory action during 
polymerization. Many other metals, including magnesiun 
and aluminum, are completely satisfactory for container 
and equipment. 

It is important that all equipment for handling sty 
renes be spotlessly clean. Traces of rust, for example iv 


new equipment, can react with the inhibitor normally 
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ordinances will be obeyed, Figure shows a typical sty 


round tn styrene, causing the styrene to poiymerize pre 
‘ rely. Traces of organie compounds containing chlorine rene monomer bulk storage installation. Large storage 
& xygen may, in contact with styrene and water, pro- units usually involve upright tanks. The horizontal tank 
ec ice reactions leading to the very rapid polymerization is adequate for smaller installations. Construction may be 
ae f this monomer, with attendant dangerous temperatures. of steel, but only copper bearing alloys are actually detri 
‘toes Styrene, as shipped commercially, is an exceedingly mental. Rubber parts must be avoided since the monomers 
; pure material. Only by utmost precautions against the in- are solvents for natural rubber and most synthetics. 
trusion of air can commercial styrene monomer be fur- Tanks may be indoors or out of doors and may be 
ther purified in the laboratory, To maintain its purity, it is buried, either underground or above ground, depending 


upon safety codes and the size of operation involved. New 


mportant that styrene be transferred without contacting 
cleaned by sand 


trace amounts will re- storage tanks should be thoroughly 
blasting, followed by vacuum cleaning and wiping. If not 
the tanks should be wiped 


ir. The oxygen from air in even 
t with styrene, forming aldehydes or ketones, These give 
its sharp odor after aging in air, though styrene to be filled within 48 hours, 


tvrenme 
tself has a very pleasant, sweet odor. or sprayed lightly with mineral oil or other low viscosity 
Where styrene is to be transferred by pressure, nitro- rust preventive. 
ven is useful. Carbon dioxide may be used, but it is con- The safety and indicating devices shown in Figure 
derably more soluble in styrene and may not be entire- 3 are largely self-explanatory. Each has an important 
y satisfactory. Where styrene is to be pumped, nitrogen function, Each device is available in one or more variations 
hould be used to fill the void above the monomer in both from a number of equipment makers. 


Styrene monomers may be used safely if the proper 


reservoir and receiver, 
precautions are taken. Vigilance in these precautions will 


Premature Polymerization = 

Y assure health and comfort, and minimize fire and explosion 

Since styrene is a reactive material, Its premature losses. Styrene suppliers are anxious to help prospective 

polymerization could result in) high internal heat, suf- styrene users, and those now contemplating bulk storage, 
ficient to rupture a closed container. It is ordinarily ree- 


mmended that not over five drums, and certainly not 
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Relations Between... 


The Hydraulic System 
and Polymer Flow in Molding 


©. M. Hahn 
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The rate at which a polymer will fill the cavity of a mold has been recognized as one 
of the controlling factors in establishing production rate and quality of a molded piece. 
Faster filling rates have been achieved with polymers capable of more flow and by the 
use of more efficient heating cylinders and improved mold design. Machine manufac- 
turers have further recognized the need by supplying injection molding machines with 
greater pumping capacity and better hydraulic systems. Polymer characteristics, heat- 
ing cylinder, mold design, and hydraulic system are each a factor in determining poly- 
mer flow rate. The interdependence of these factors is discussed in this paper with par- 
ticular emphasis on the characteristics of the hydraulic system. a 


the square 


R AM SPEED OR FILLING RATE is limited not tional to the hydraulic pressure (P,) and 
only by the pumping capacity, but also by the of the ratio of injection cylinder diameter to ram di 
delivery losses in the hydraulic system. The dependence ameter. The pressure of the polymer in the nozzle and it 
mold cavity is measured by strain gauges of special 


veloped by the pump is the 


of delivery loss on the pressure ce 

a characteristic of the hydraulic system. Delivery losses design, the details of which were presented in the article 
vithin the hydraulic system may further increase with the by P. D. Kohl (3). Continuous recording of these meas 
wear and tear of normal usage. The consequence may be urements gives a complete history of temperature, ran 
oss in production rate or inconsistent quality, such as position, and pressure throughout the evel 


poor dimensional reproducibility. Corrective maintenance 


to eliminate internal leakage in the hydraulic system will 
enable the molder to keep his machine at peak perforn 
lic system and the cha MOLD PRESSURE 
acteristics of the hydraulic system can be determined 

NOZZLE PRESSURE 


Testing Procedure HYDRAULIC PRESSURE 
ASS SQ 


Such instrumentation, not normally found on_ the > 2 | 


ance. Losses within the hydrau 


by the use of instrumentation as described below. 


molding machine, was used to study the hydraulic cha 

acteristics of a 2-0z. injection molding machine. The lo | 
cation of these instruments is shown in Figure 1. Temper- ] Oy ™ fi 
ature of the polymer is measured by a thermocouple it 
the nozzle. Thermocouple designs for this use have hee) AY — = 
described by Bernhardt (1) and by Beyer, Dahl, and SESS fib Pr- o>) 


McKee (2). Ram position and its rate of travel ar ol 
potentiometer cor POLYMER TEMPERATURE ~ RAM 


| POSITION | 


Is ised 


measured by a linear or rotational 


4 


nected to the ram. A Baldwin SR-4 pressure cell 


to measure the pressure in the hydraulie injection eylin 


ler. The ram pressure on the polymer (P_) is propo 
Figure 1. Schematic diagram of an injection molding 


t the Thirteenth SPE machine showing location of special instrumentation used 
in molding studies. 


This pape? was prese a 
Teel nical Conterence. 
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Figure 2. Profiles showing ram position, —— temp- 
erature in the nozzle, and ram, nozzle and mold pressures 
during the molding cycle. 


PRESSURE, 


\ composite picture of the measurements obtained 
with these instruments is shown in Figure 2. At the be- 
ginning of the ram’s forward movement, the temperature 
is at a minimum and the pressures are at atmospheric. 
As the ram moves forward, pressure is developed to 
overcome the resistance to polymer flow. During the fill- 
ing of the mold cavity with polymer, the ram and nozzle 
pressures level off. Replenishment of the relatively cool 
polymer in the nozzle by hotter polymer from thé heat- 
ing eylinder causes an increase in temperature. Part of 
the increase is due also to viscous heating. Ram speed, 
which is the slope of the ram position profile, usually 
decreases during filling. After initial filling, continued 
addition of polymer packs the mold cavity under pressure. 
With the decrease in rate of ram travel the ram pressure 
increases to its set pressure. After the gate seals, pres- 
sure in the mold cavity decreases as the polymer cools. 
The pressure drop through the heating cylinder at any 
point in the cycle is the difference between the ram and 
nozzle pressure. The difference between the nozzle and 
mold pressure is the pressure drop through the gate and 
unner system. The conditions existing in the molding 
machine during the filling of the mold cavity will be dealt 
with primarily in this paper. 

With these instruments, the ram, nozzle, and mold 
pressures as well as fill time, temperature, and ram speed 
were obtained on a series of runs in which “Lucite” 


Table 1. Typical data obtained with the special instru- 
mentation deentieed in Figure 2. 


DATA OBTAINED ON 2 OZ INJECTION MOLDING MACHINE 


POLYMER POLYMER HYDRAULIC RAM PRESSURE GATE PRESSURE DROF 
TEMPERATURE FLOW RATE FLOW RATE DURING FILL DURING FILL 
Q,)IN SEC Qc) INY SEC (Pa) PS SP) PS! 
) 66 « 42 200 
49 65 4 490 BOK 
38 65 4 63 33 
a5 58 23 6800 4100 
447 43 69 8500 4400 
426 24 4 6500 4500 


SET RAM PRESSURE 9,000 PS 
POLYMER “ITE ACRYLIC RESIN 


Twenty sir 


acrylic resin was molded at several different cylinde 
temperatures. The weight of the shot was 'z ounce, the 
total cycle was 60 seconds, and the set ram pressure was 
10,200 psi. The mold was maintained at 160°F and the 
gate to the cavity was 1 16 x 16 inches in cross sectio1 
with a land of 3°16 inches. These molding conditions 
were selected to give the widest range in the molding 


study. 


Discussion 

The data obtained in the runs just described are 
shown in Table 1. Three effects of change in polyme) 
temperature should be emphasized. 

1. Polymer flow rate increases as the polymer temp- 
erature increases, until a temperature is reached above 
which no further increase in flow rate occurs. 

2. Coincidental with the decrease in polymer flow 
rate is a decrease in hydraulic flow rate and an increase 
in ram pressure measured during the filling of the mold 
cavity. 

3. The ram pressure measured during filling of the 
mold cavity is not an independent variable but increases 
as the polymer temperature decreases. In none of the 
runs did the ram pressure during filling reach the set 
ram pressure. 


Function of the Hydraulic System 


To begin an explanation of these observations cor 
sider the function of the hydraulic system. Oil from the 
pump is delivered to the hydraulic injection cylinder. 
where it forces the ram to move forward. The ram it 
turn displaces polymer in the heating cylinder causing 
it to flow into the mold cavity. Therefore the polyme 
flow rate must be proportional to the hydraulic flow rate 
and can never exceed the maximum hydraulic flow rate 
as determined by the capacity of the pump. Actually, since 
the hydraulic fluid is pumped into a cylinder of one 
size and the polymer is moved through a cylinder of 
another size, polymer flow rate is a fixed fraction of the 
hydraulic flow rate as shown in equation 1, 

Q D2.) Q (1) 
where Q. is the polymer flow rate 
Q. is the hydraulic flow rate to the injection ey 
linder 
1) is the diameter of the injection cylinde: 
I) is the diameter of the ram. 

Figure °, composed of data from Table I, shows 
vraphieally that polymer flow rate increases as polyme! 
temperature is increased until a temperature is reached 
above which no further increase in flow rate occurs. At 
this point the polymer flow rate is proportional to and 
limited by the maximum hydraulic flow rate to the in- 
jection cylinder. In those molding jobs where fast injec- 
tion rate is the criterion of molding performance, no ad- 
vantage can be gained by increasing the polymer temp- 
erature after the maximum or limiting hydraulic flow 
‘ate is reached. In some cases, further increase in 
temperature can penalize production rate, since more 
time will be required to increase the polymer temperature 
in the heating cylinder and more time will be required 
to cool the polymer in the mold cavity. 


Flow Losses Within the Hydraulic System 


The decrease in polymer flow rate at the lowe: 
temperatures as shown in Figure 3 occurs simultaneously 
with a decrease in the hydraulic flow rate to the in- 
jection cylinder. Therefore, in addition to maximum pump- 
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am pressure becomes quite critica in establishing pro 


duction rate, quality, and dimensiona eproducibility ot 


the molded piece 
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Loss in flow rate with at ncrease am pressure i 
is a characteristic of the hydraulic svstem of an injectior 420 440 460 480 500 520 
molding machine. lh Figure , the prine pal elements POLYMER TEMPERATURE, } 
of a hydraulic system on an injection molding machin Figure 3. The effect of polymer temperature on polymer 
are shown as a pump, valves, piping, and injection ey flow rate. 


deliver a quantity of hydraulic fluid at a specimed rate 


to the njeetior cyl naer, Alt} igh designed to lt vel LOSS IN FLOW RATE WITH- 
fluid at a constant rate. this idea chieved only whet IN THE HYDRAULIC SYSTEM 
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is approached, the valve opens and fluid is bypassed t: 

the reservoir tank. Most relief valves on injection molding 

machines are of the spring loaded type and unfortunately 2+ 

will not remain completely closed until the set pressure is 

reached. Consequently, as the pressure in the hydraulic L a r A 

system increases, more fluid is bypassed and less is 2000 4000 6000 6000 10,000 


HYDRAULIC FLOW RATE (Q,), IN.°/ SEC. 


aeivered to Vill t nee d. The RAM PRESSURE DURING FILL (P,), PS! 


actual varau et the nection eviinder (@ ) 
ese , Figure 4. The effect of ram pressure during filling of the 
Cal t . . 
A mold cavity on hydraulic flow rate. 
vhere Q S the ted qd Ve \ the! | 
INJECTION CYLINDER 
Q, is the total hydraulie flow rate bypasse 
through the relief valves and through PT OA 
slippage LAN Pa 14 
is the hydraulic f ate to the niection cy | A PRESSURE ADJUST- 
lo characte re the ss in flow ite witl ncreast | 
pressure as measured n a 2 -OZ machine the data 
RAM 
| ible I were piotte s shown 11 I gure 6. In this nheure PUMP 
the itl the flo ss (Q,) to maximum hydraulic 


pressure measured during filling (P_) to set ram pressure z H 


= PUMP RELIEF 
System and is a function of design. Combining Equation VALVE qT 
with Equation 2, ; 
it is shown that the hydraulic flow rate to the injection 


cylinder (Q.) is limited on the one hand _ by 1m} 


RESERVOIR TANK 
| , Figure 5. Principal elements contributing to the character- 
or ram pressure developed during filling istics of a hydraulic system. 
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The curve in Figure 6) represents the hydraulic 
iracteristies of the 2-o molding machine on whiel 
tests were rur The initial loss in flow witl 


easing pressure is due to leakage past the vanes i 


pump. Manufacturer’s data show that this loss will 


e about 6° at maximum pump presure. The abrupt 
crease in delivery loss to the injection cylinder § at 
rbhout 60 to bots set ran pressure is due to the pre 
mature opening of the spring loaded elief valves. 
Machines with other design features can be expected 
to have different hydraulic characteristics. The impor- 
tunce of the hydraulic flow characteristics has been 
ecounized us evidenced by the faet that pumps with in 
reased delivery rates are being used along with booste 
and regenerative systems. Further improvements 
in be achieved by designing hydraulie systems which 
lelivery loss to the injection eviinde 


Ram Pressure Dependence 


The remaining link in establishing the relationship 


wtween the hydraulic system and polymer flow through 
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Figure 6. The characteristic hydraulic loss of the 2 oz. 
machine under study. 
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Figure 7. The effect of polymer temperature on ram 
pressure during filling of the mold cavity. 
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Pressure cle 
Tn the 


preceeding discussion on hydraulic loss characteristics 


an injection molding machine is the am 


veloped during the filling of the mold cavity. 


vas evident that the ram pressure developed during 
filling of the cavity would not reach the set ram pressure 
since no flow to the injection cylinder occurs at set 
pressure. It was also evident from Table 1 that ran 
pressure measured during filling is not an independent 


variable, but, as shown in Figure 7, it increases as poly 


mer temperature decreases. Ram pressure is the driving 


force required to overcome the esistance to polyme) 


flow. As the polymer temperature decreased, its viscosity 
or resistance to flow increased, and so a ran 


pressure is required to overcome the resistance. Tn the 


case of a polymer fluid, driving foree or pressure drop 


is a function of polymer viscosity and can be expressed 
no a simplified version of Poiseuille’s law as 
AP n,Q (>) 
where AP, is the pressure drop through the channel 
rn, is the polymer viscosity which varies inversels 
as the temperature 
Q. is the polymer flow rate 
K, is a geometric constant determined by the size 
and shape of the channel. 
In addition to the resistance to flow in the fluid 
egion, there is frictional resistance to flow in the poly 
mer solids region of the heating cylinder. The pressure 
drop required to overcome frictional resistance can ln 
expressed in a simplified form as 
AP uP 
where AP. is the pressure drop through the solids zone 
U is the polymer coefficient of friction 
P is the ram pressure 
kK. is a geometric constant determined by the de 
sign of the heating cylinder. 
Therefore, the total driving force or ram pressure will be 
equal to the sum of the fluid and solids pressure drop 
and can be expressed as 
AP, + AP n,Q kK, (1 
Ram pressure developed during filling of the mold cavity 
will be dependent 
polymer, the polymer’s coefficient of friction, the flow rate, 


uk.) (7) 
on the viscosity or temperature of the 


and the design of the heating cylinder and mold. The 
above treatment of fluid and 
extremely simplified. A 
subject has ben presented by Spencer and Gilmore (4), 


solids pressure drop is 


more complex treatment of the 
Gaspar (5), and others. 


Flow Rate Relationship 


in the paper the point was made that poly 
rate would have to be proportional to the hy 


Earlie: 
mer flow 
draulic flow rate to the injection cylinder as expressed 
in Equation 1. Then it was pointed out that the hydraulic 
flow rate to the injection cylinder was subject to flow 
within the hydraulic 
Equation 4. And finally it wes stated that ram pressure 
during filling is dependent on the 
Equation 


losses system as expressed in 


resistance to polyme 


flow as expressed in Combining Equations 


1,4, and 7 and rearranging, 


Q B/(1 PL) 
where A Hy Ral uk ) 
Q, (Dr De-) 


Equation is the between 


polymer flow 


quantitative relationship 
rate through an injection molding machine 
influence of the hydraulic 


machine design, and polymer characteristics. 


and the combined system, 


SPE JOURNAL, July, 1957 


“Ry 
‘es 
vis 
" 
a 
‘fon 
4 
ane 
4 
we, 


Flow Loss Due to Normal Usage 

The particular emphasis of this study has been the 
hydraulic system and for a good reason, since it is the 
heart of the niection molding machine The niectior 
molder should be aware of the mitations and characte? 


istics of the hydraulic systen mn his machines. He should 


also be aware that the characteristics of a hydraulic 


system will change with usage as wear and tear ti 
their toll To indicate } \ astic the change Ca he 
consider the esults obtained on a machine which had 
been in service fo several vears The machine this 
Cust consistently produced molded pieces with weld nes 
and, only too frequently, short shots. Production rate was 
ell below i reasonable level. Adjusting the normal con 
ols such as ram pressure, eylinder temperature, and 
eveles resulted eithe na further loss in production rate 


” in the introduction of other objectionable quality de 
feets. An analysis of the operation revealed that hydraulic 
flow rate was less than it should have been, based o1 
the rated capacity of the machine; and, as show i} 
Figure 8, the decrease in flow rate with inereasing ran 
pressure Was greater than would have been expected. This 
clearly indicated that the characteristics of the hydraulic 
system had changed, and for the worse Examination 
if the machine revealed several leaks that had developed 


} 


vithin the hydraulic system. Oil leakage in 


the injection 
cylinder from the high-pressure to the low-pressure side 
through the packing gland was the most serious. A re 
lief valve had a pitted seat which permitted additional 
leakage loss. These leaks accounted for the loss in flow 
at low pressures. Additional leakage oecurred at the high 
er pressures due to weakened springs in the relief valve. 
The combined losses resulted in sluggish action and poo 
molding performance 

With the evidence so plain, immediate steps were 
taken to recondition the hydraulic system. New packing 
glands were installed. The pitted valve seat and weak 
ened springs were replaced. Other leaks were repaired, 
The improvement in the characteristics of the hydraulic 
system were immediately apparent. Hydraulic flow rate 
increased as shown by Curve B in Figure & More 
important, weld lines disappeared in the molded piece; 


short shots were no longer a problem: and best of all, 


LOSS IN FLOW RATE 
AFTER CORRECTIVE 
MAINTENANCE 


ADDITIONAL LOSS IN 
FLOW RATE BEFORE 
CORRECTIVE MAIN- 


12 


(B) FLOW RATE AFTE 


6+ 
(A)FLOW RATE BEFORE 


HYDRAULIC FLOW RATE (Qc), SEC 


2000 4000 6000 8000 10,000 
RAM PRESSURE DURING FILL (Pr), PSI 
Figure 8. Increased hydraulic flow rate obtained by cor- 


rective maintenance on a machine which had been in 
service several years. 
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xniuetion rate Was ince eased ly Ver What t had me 


Leakage within the hydraulic system can go ul 


letected, since there is no external evidence f leakage 
After several years service, it is difficult to remember ho\ 


well the machine operated when it was new. Gradua 
wearing of parts will lead to poorer performance, bo 
n production rate and quality, which, when compare 
with the previous week's or month’s performance, may no 
seem startling. Nevertheless, if the to obta 
peak efficiency from his machine, wear and tear must 


letected and repairs made 


Instruments to Analyze the Hydraulic System 


Internal leakage may be detected by routine servic 


cheeking or, preferably, by the use of instruments a 


ceseribed in this paper. Where one is interested only wu 


letecting leakage and establishing the characteristic 
the hydraulic system, an analysis can be made with jus 
the ram pressure gage and ram position potentiomete: 
Both of these instruments can be installed quickly a 
easily. The test can be carried on while the machin 

n production or, if the machine is not in) production, 
suitable valve can be placed in the injection eylinae 
eturn line and used to control flow rate. With the pre 
sure and ram position profiles, the hydraulic characte 


stics cal be determined and shown ! 


Summary 


It has been shown that polymer tlow rate throug! 
an injection molding machine is related to the com 
influence of the hydraulic system, machine design, at 
polymer characteristics. Polymer flow rate is limited 
the one hand by the maximum delivery rate of the hy 
jraulic pump and on the other hand by delivery losse 
in the hydraulic system. When maximum pumping ca 
pacity is reached, no further increase in) polymer flo 
ate can be achieved by an additional increase in polyme 
temperature. Delivery losses are increased with a 


crease in ram pressure; the amount by which the losse 


increase is a characteristic of a particular hydrauli 


system. Ram pressure or driving foree during filling 
not an independent variable, but will be determined 
the resistance to polymer movement 

At least in some molding machines, design miprove 
ments are indicated to better their performance cha 
acteristics. Machine manufacturers have recognized tl 
need and are moving in that direetion For the moldet 
correetive maintenance to eliminate internal leakage at 
to wear and tear will keep his molding machine at pea 


efficiency and pay off with an increased production rats 


and with 
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(Prevonm MEANS TO FIX the form of a thing be- 
e fore hand. In this discussion it will be limited to 
the forming of fibrous materials to the shape of a par- 
lar mold, and holding these fibers in place before and 
during the molding cycle. 

The 


experience with the binder which is the means of holding 


particular purpose of this report is to review 


the fibers after forming. There are many types of binders 
which could be used in this application, To determine the 
type most generally used, a questionnaire was prepared 
and sent to seventy-five (75) custom molders and twenty- 
five (25) resin suppliers. 
The problem of binding glass fibers together into 
shape suitable for molding is as old as the reinforced 
plastic idea. The most suitable binder for glass fibers 
vould need to have at least the following properties: 
1. That it be easily applied and cured. 
2. That it be inexpensive. 
3. That it wet the glass fibers easily. 
4. That it be compatible with the molding resin. 
5. That it be strong and prevent the fibers from 
moving 
6. That it 
The most ideal binder would be none at all. This 
ideally meets every condition except one; it is not strong 
enough to prevent the fibers from moving. There is a 


shows no discoloration on curing. 


This paper wa prese? ted at the 12th SPI Reinforced 
Pla f nirerence 
Photographs courtesy of Pittshure! Plate Glass Co. 


Binders 


for 


Glass Preforms 


It is the purpose of this report to pre- 
sent an analysis of the properties of the vari- 
ous types of binders in use today, the reasons 
for their use, and the particular areas in 
which each type can be used to maximum 
advantage. 

The basic problems of labor, time and 
raw material cost are analyzed with a view 
toward assessing the actual burden involved 
in this phase of the preform operation. Sug- 
gestions for the improvement of binder sys- 
tems and means of improving their perform- 
ance are included, This information repre- 
sents the experience of a significant cross 
section of the industry. 


mat product which is mechanically bonded, and which is 
strong, but this process has not yet been adapted to pre- 
forming. However, it is important to realize that glass 
fiber mats are a good product, and they should be used 
in their proper place for the contour which will permit it. 

The question is often asked, “why preform anyway ?” 
Particularly since mats are often more uniform, reject 
rates lower, and the color better than the comparable pro- 
duct in preforming. It is advisable to use mat if the con- 
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tour will permit it. However, in ost box-shaped pieces 


and in many deep draw excess materials must 


the 


parts tne 
from mat so that it will drape properly 


This 


labor (plus a fair 


be cut away 


mold 


expenditure of a lot of 
blades), the 


on tne requires the 


inventory of cutting waste 


of a lot of glass, and usually the molding of a part with 
weak sides and corners. 

For these reasons the process of preforming was 
developed, and the use of binders is a vital part of it. 
The binder permits removal of the glass from the screen 
and ideally permits considerable handling of the preforn 


before molding. 
The 


present day binders are an outgrowth of those 


used in the glass mat industry. This is quite logical sinee 
they were readily available when needed, 

The following types of binders are in wide use ac 
cording to the reports from the field and will be con- 
sidered in more detail: emulsified polyester resins, pow- 
dered alkyd resins, acrylic resins, cellulose fibers, and 
synthetic thermoplastic fibers 
Emulsion Binders 

The emulsified type binders usually consist of a poly- 


reactive 


ester or acrylic resin dispersed in a monomeric 

diluent and emulsified with water at the point of use. 
The water emulsion is stable when the proper emulsifier 
is used and when the water is clean and not too hard. 
The original types required close pH control with neu 
tralization using ammonium or sodium hydroxide in orde1 


to form a stable emulsion. Several manufacturers (see 


acknowledgments 2 and 3) now have products which are 
provided with proper emulsifier agents and will forn 
stable emulsions by simply agitating the resin and add- 


oil in water stage is 


is then possible. Nat 


ing the water until the 


Rapid addition of water 


slowly 
achieved. 
first be catalyzed with 
free producing 
to use softened 


urally, the polyester resin must 


the benzoyl peroxide or suitable radical 


agent. However, it is good practice water 
in unusually hard water areas. 

A process as outlined in Table I will provide a suit- 
stable tap water. 
This solution is then sprayed onto the glass as it is col- 
lected in the The spray equipment is 
standard paint spray equipment operated at about 40-60 


able emulsion of a polyester resin in 


preform machine. 
operated solenoid 
the 
and 


and equipped with air 
which will cut the 
le should be of a fan 


pounds pressure 


valves correct time. 
The 


large volume of 


spray on at 


nozz set to deliver a 


typ 


material. 


Table | 


Procedure for Making Polyester Emulsions 


I. Preparations of Solutions 
A. Resin 


solution 
and 6 OZ. 


styrene monomer 


benzoyl 
2. Add 
mix thoroughly. 

B. Water for 


Dissolve ot 


peroxide catalyst. 


and 1.5 emulsifier and 


polyeste 


emulsificatior 


caustic soda in 20 pounds of tap 


water. 


Procedure for Emulsifying 
A. Agitate 
B. Add solution A slowly over a five-minute period. 
C. Continue 


\ igorously solution B. 


agitation for 5 minutes. 


D. Mix rapidly with 190 pounds of water. 


igorously 
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The spraying cycle should begin about 10 to 14 se 
onds after the glass cutter starts and « e for abou 
15 to 380 seconds after the cutter stops. The water in the 
system will compact the preform against the sereen be 
cause of the vacuum behind it. This system w permit 
better distribution of the resin throughout the preforn 
and reduce the tendency for high resin content at the 
outer surface. 

The emulsion usually contains 5-6 resin based 
on total weight and enough emulsion should be sprayed 
on the preform to permit a final binder (after curing) 
content of about 7 to 8% of the weight of ¢ lr} 
manufacturers recommend curing at 250-850°F i ! 
culating air or forced draft oven for 4-6 minutes 

In order to achieve sufficient con pacting of the pre 
form, it is vital that a suction oven of the forced draft 
type be used. It is generally recommended that th 
be designed with down draft, and there some pret 
erance for gas heut because of faster recovery when the 
doors open. A damper must be provided to prevent suck 
ing in a large volume of cold air when the door is opened 

A circulating air oven will not dry preform rapidly 
enough because air is not sucked through it it ree 
enough quantity, and the preform will have high bulk 
factor and be extremely loose and therefore susceptibl 
to washing. Some success has heen ac*ieved using 100 
solid (no water) and building a collaps.ng scree his 
can he wrapped around the preform, rh \A done for 
a particularly difficult preforming problem and worked 
only on the development phases of the prog 
Improve Cure 

In the curing of the preform the water must be 
entirely evaporated before the binder will cure beeauss 
polyesters hate water and are inhibited by it. Anything 
that will help dissipate the water will improve the cure 


A simple inspection technique is to hold the preform oven 


a light and observe the color of it. If any light bluish 
green areas are visible further curing is required, Cor 
ners and he avy areas will present the rreatest proble m 


in this regard. The preform should be a uniform off-white 


oven temperature, and 


or light tan color. Variations in the 
in the length of cure time will cause mottled appearance, 
Too high a temperature for too long a time will generally 


darken the binder and make it very stiff. Too low a temp 


erature for too short a time will produces fluffy white 
preform but it may not be completely cured. These cor 
ditions may vary considerably for different types of pr 
forms and each new job should be given consideration 
on this basis. 

The emulsion binders are used almost exclusively 
by the people surveyed for this report. They mes f 


the conditions of an ideal binder, except that they do d 
color easily. This becomes “a serious problem for pretorn 
thick to wash. To bind 


preforn 


which are and have a tendency 


such a tight enough to prevent washing and 


still obtain a white uniform preform is a serious problen 
An additional problem is that of overspray and the 
messy conditions which result. This requires considerable 
maintenance of the preform equipment and _ scres The 
latter can be effectively cleaned by dipping in hot alkal 
type stripping agents. However, the design of some fan 
will permit the accumulation of glass and resin on the 
blades and in the bottom of the hood. This will affect the 
efficiency of the fan and regular cleaning is nece ry. It 
has been found that some emulsion vinders will affect th 
rubber lining of pressure feed hose. Therefore t vi 


to order hose for resistance to the type binden 


being used, and to keep the lines as short as possibl 
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Powdered Binders 


The powdered binders consist of ¢ ssentially alkyd type 
s linked to render them insoluble in styrene and 
ed to cure at an elevated temperature, They are 
persed into the preformer chamber and form a “spot 
d” at the overlap of glass fibers, thus holding then 
place. The principal reasons for their continued use 
re that they are clean and will not contaminate the 
nachine, nd since they do not completely wet 


he fibers they permit better impregnation of the glass 

ith the molding resin. (4) Their use is limited because 
if the initial high cost of the material, high losses in 
the prefor machine, and the faet that they do not re- 
duce the bulk factor of the preform which complicates 


ing operation 


Acrylic Binders 


\n acrylic binder which can be emulsified is avail- 
te commercially (5). This material has the advantage 
f being very stable and requires less heat to use and no 
italyst. The principal advantage of the aerylie binders 
that they do net discolor if eured properly. They are 
clear white polymers, can be colored with pigments, cost 

bout the sume us the polyester types, und form 

table emulsions. With their use the equipment Is easier 

keep clean. However, care must be exercised to keep 
them from freezing. The drying time is critical and it Is 
reported that too short a drying period results in wash 
ny. blistering, and sticking to the mold surface. None 
if the people surveyed reported using this material, but 
t omewhat new and is apparently a good solution to 
the problem of discoloration. It should certainly be eval- 
iited where this is a problem, and its effect upon mold 


hould also be carefully observed, 


Cellulose Fibers 


he cellulose fibers have been used in the slurry pro- 
cess to obtain good preforms on short cycles. It is per- 
haps possible that cellulose could be fed into a conven- 
tional preformer with the glass and, after wetting with 
vater, dried te an acceptable preform. Nobody has re- 
ported doing this to date, and no information is available 
iside from that which is covered in the report on slurry 
preforms. There is some indication that cellulose may 
idversely affect the water absorption properties of the 
laminate after molding. This problem should be investi 
waited carefully in any application where this might be 


eritical factor. 


Synthetic Binders 


The dry thermoplastic fibers present a similar ap 
proach to the problem. Initial experiments indicate that 
Dynel, as well as Dacron and nylon, may have some 
promise. The fibers were fed into the machine and col 
ected with the glass and fused by melting in a suction 
ven, Since these fibers are expensive, the weight con- 
centration was about 3-56 at which level the economics 
ire favorable. They offer the potential of obtaining «a 
dense preform, open for saturation when molded, and 
quite clean to use. Present experiments indicate that 
t is difficult to disperse the fibers evenly with the glass, 
but the possibilities are encouraging. 

In order to evaluate the factors of cost, u time 
breakdown is given in Table II which will indicate some 
of the economic variables inherent in the use of binders 


Table |! 


Factors Affecting Cost 


l. Prepare Solution 
A. Weigh and mix components 
C. Load spray systen 


30 minutes. 
15 minutes. 
C, Clean equipment 15 minutes. 
Application 
A. 3# preform @ &'c binder 
B. Binder solution 8 solids 
C, Assuming 50° overspray 
Total 6.02 solution or (48% polyester) 


248 polyeste ! 


os solut io 


3.02 solution 


Ill. Maintenance 
A. Spray guns {hours week. 

B. Preformers nours. week. 

C. Screens 2? hours week. 


IV. Materials 


A. Emulsifier 
B. Benzoyl peroxide OF 
C. Styrene 
D. Resin 
Caustic soda 2.02 
Water 210.02 

237.58 


V. Assuming July 1956 data on costs this could amount 
to approximately 4-6¢ per pound of mixed solution. 
This would represent a cost of 24 to 36¢ for a 5 
pound preform or 8 to 12¢ per pound of glass pre 


formed. 


Assuming that a three-pound preform is to be made 
to an 8% binder concentration, a cost of materials break- 
down is also given in Table Il. For the purpose of this 
comparison a standard price of 3.37 per pound is used. 
(No quotations were asked or received from any manu 
facturer, and up to date price data should be obtained 
from several sources before a complete evaluation 1s 
made for a particular operation.) 

The important point of this breakdown is that there 
are some high material losses in the process, and there 
is not much that can be done to eliminate these losses 
with the present types of preformers. 

At its present stage the art of preforming has not 
been developed to the level of a science. Each applica- 
tion should be considered as something new, and the 
complete range of variables considered from the stand- 
point of product requirements. It is therefore quite 
difficult to generalize, or to find cases in which one binder 
will solve a problem which another will not. 

Of the material suppliers contacted, five reported that 
they are now producing materials for use as a preform 
binder, one reported that development work was under- 
way, and six reported that they did not plan to produce 
a product for this application. ® *® 
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e J olystyrene has long been «a common name to each ot 


us. It has contributed much to the rapid growth of the 
plasties industry. To some of us polystyrene has been and 
will continue to be a very useful plastic. To others of us 
it may reflect unpleasant memories. This latter situation, 
in most part, has been brought about by over-extending 
polystyrene into areas into which it was never intended 
Perhaps the most illustrative example of this misapplica 


tion occurred in the toy industry. Fortunately, new in 


FIGURE | 


EFFECT OF ISOMER COMPOSITION 
OF METHYLST YRENE 
UPON HEAT DISTORTION TEMPERATURE 


DITOLYLE THANE 
PROCESS~-212°F 
\ 


TIO 
OROGENATION (POLYSTYRENE 
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FIGURE 2 
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proved modified polystyrene evolved sufficiently fast t 
recapture this faltering market 

This paper deals with new injection molding con 
pounds which substantially upgrade the quality of poly 
styrene, in particular the heat resistance characteristics 
In addition to improved heat resistance, one of these new 
compounds shows marked improvement over polystyrene 
in other properties such as toughness, moldability about 
metal inserts, and chemieal, mar, and craze resistance 


These are based on methylstyrene. While methylstyrene 


is not a new chemical, this is the first time that an econ 
omie process has been developed that produces a methys 
styrene favorable for the preparation of a molding con 
pound. As you know, methylstyrene may be composed of 
three similar yet different components (i.e., isomers) exucl 
n turn affecting different polymer properties. Ino ordet 
that you may appreciate that the methylstyrene whicl 
vill be discussed hereafter is different from other methyl] 
styrenes, and that the particular isomer ratio of methyl! 
styrene produced by this process is unique, data showing 
the effect of process upon isomer composition of methy! 


styrene have been summarized in Table I. 


TABLE | 


Effect of Synthesis Process Upon Isomer Composition 


Isomers 


Gu 
Process Reactants £ 
Ditolylethan Toluene ucetviene ded hey 
Ditolylethans Tolue ne 
aucetalde hyde 
(Cat. #1) 
Ditolylethane Toluene 
acetaldehyde 
(Cat. #2) 5-10 §-10 90 194 
Dehydrogenation® Toluene-ethylene 2 64 34 172 


R. H. Boundy & R. F. Boyer, “Styrene’ 
teinhold Publishing Corp. 


It can be seen from Table I that methylstyrene pre pared 
by the ditolylethane process is quite different in compo 
sition from methylstyrene prepared by a dehydrogenatio! 
process. The composition of methylstyrene prepared by 
the ditolylethane process can be varied withine certai 
limits by the specific reactants and catalysts used, By 
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Polymethylstyrene 


Diaryl- Dehydro- 


ethane genation 

Heat Distortion Temp., F. 212 172 
Distortion® in 212°F. Water 0,060 1.0° 

after 15 Minutes (4 Min.) 
Flexural Strength, p.s. 12,900 11,500 
Impact Strength (Izod), O36 0.85 

Ft. -Lb./In. of Notch 
1) pation Factor LOSey.) 0.0006 0.0006 
Specific Gravity 1.02 1.02 

p id on ! to” by 5” test bar stressed over 


balancing over-all process efficiency against polymer prop- 
erties, operating conditions have been established which 
give the optimum amount of the ortho isomer with the 


least amount of the meta isomer. 


FIGURE 3 
SHRINKAGE ON EXTENDED EXPOSURE 


(AT 212 °F) 
SHRINE AGE 
STYRENE 
iS} 
5 
ME THYLST YRENE 
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MINUTES DAYS 
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FIGURE 4 


Methylstyrene Styrene 
Acrylonitrile Acrylonitrile 


After 30 Minutes at 212°F. . 


Polystyrene 


Heat- General- 
Resistant Purpose 
190-200 185 
0.20"-1.0 1.0 TABLE II 


(12 Min.) (6 Min.) Comparison of Physical 


Properties of Polymethyl- 
0.32 0.33 

fai styrenes and Polystyrenes 
O.0004 O.0007 
1.05 1.05 


a 4° span. 


Polymethylstyrene 


As can be seen from Figure 1, the optimum in heat 
resistance for polymethylstyrene is obtained from the 
pure ortho isomer (239°F.) with para (190°F.) and meta 
(165°F.), respectively, producing lower heat resistances. 
The composition of the methylstyrene now under discus- 
sion consists of para:ortho:meta 65:33:2; this gives a 
polymethylstyrene having a heat distortion temperature 
of 212°F. For comparison the heat distortion temperature 
of polystyrene is 183°F. Any isomeric composition of 
methylstyrene that falls in the shaded area of Figure 1 
has a heat distortion below that of polystyrene; any point 
in the unshaded area represents an isomeric composition 
of polymethylstyrene having a heat resistance greate1 
than polystyrene. 


Methylstyrene monomer may be processed into poly- 
mer by any of the usual methods used to produce poly- 
styrene. The physical properties of this polymer have 
been compared to those of the commercial polystyrenes 


(Table IT). 


Polymethylstyrene, in addition to possessing all the 
other desirable properties of polystyrene, has a marked 
improvement in heat resistance over any of the poly 
styrenes. Possibly the significance of this improvement ir 
heat resistance can be described more effectively by 


graphic examples. Shrinkage data as a function of temp- 
erature have been depicted in Figure 2. Polymethylstyrene 
moldings can be employed without distortion at a 35°F. 
higher service temperature than polystyrene. After 30 
minutes at 212°F. the shrinkage was less than .05% with 
an equilibrium shrinkage of 0.79% being reached after 42 
days at 212°F. (Figure 3). 

For comparison polystyrene shrank 20% in less than 
ten minutes at 212°F. The practical advantige in heat 
resistance of methylstyrene over styrene is vividly shown 
n household applications (Figure 4) 


Methylstyrene-Acrylonitrile Copolymer 


For some time it has been known that the properties 
‘f polystyrene can be enhanced by the introduction of 
icrylonitrile. Improved resistance to breakage, marring, 
‘racking, crazing, and chemicals is thus brought about. 
The same advantages are realized when methylstyrene is 
copolymerized with 30% acrylonitrile, and in addition 
mproved heat resistance is obtained by the presence of 
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the methylstyrene. These relative improvements in prop 

erties over polystyrene may be noted in Figure 5. 

This copolymer is tougher than polystyrene because 
of a 50% improvement in flexural and tensile strengths 
rather than ar crease mpact strength. As a result 


surface 
this 


a combi 


hard durable 


neat 


modulus material having a 


a high 


is produced. Coupled with improved 


makes 


nation ot 


resistance, 


for a molding composition having 


unique 
in any other molding con 
excellent 


properties not found 
he at 


cracking and crazing, 


pound: resistance, tougnness, surface, 


non 


and reduced density. This copolymet 


should not only upgrade the quality of moldings in many 
existing applications, but should also open up new areas 
of application where the properties of existing plastics 
have heretofore been inadequate 


The shrinkage of 
poly mer has be el 
trile 


the n 


compared 


ethylstyrene-acrylonitrile co 
with that of styrene-acryloni 
these shrinkage data have 


copolymer (Figure 6); 


been compared for a thirty-minute exposure. 
The 


advantage 


methylstyrene-acrylonitrile copolymer offers a 
This 
After thirty 
mold 


styrene-acrylonitrile 


in service temperature. advantage 


is shown in a typical application in Figure 7. 
212°F. the 


distortion 


minutes at methylstyrene-acrylonitrile 


ing showed whilk the 


no 


molding distorted heyond serviceability. 


Moldability 


The 


press is 


flow of polymer from a given injection molding 


largely dependent upon two factors: (1) melt 


viscosity character of the polymer, and (2) lubricity of 
the polymer. The melt viscosity property is inherent in 
a given polymer but can be modified by the addition of 
an internal plasticizer; this invariably lowers the melt 


in the heat resistance 
resultant polymer. The 

in the heated 
of the injection molding cylinder whereas the lubricity of 
the polymer influences in the 
heated of the injection cylinder. About 75% of 
the pressure drop which occurs in 


sacrifice 
strength of the 
viscosity influences flow only 


viscosity but does so at a 
and mechanical 
melt section 


flow properties only un- 
section 
an injection cylinder 
occurs in the unheated section and can be greatly reduced 
through the external lubrication of the molding granules 
(Table IV). No significant difference in pressure drop it 
the of 
of the polymers examined. The 


the cylinder was noted for any 
effect of 
had but 


unheated section 


molding granul 
little 


size and shape within limits bearing on 


TABLE Il! 
Physical Properties of Methylstyrene-Acrylonitrile 
Copolymer 


Ms-AN 
212 


0.060 O80 


STY-AN 

Heat 192-198 

Distortion in Inches after 15 
Minutes in 212°F. Water 


Flexural Strength, p.s.i 


Distortion Temperature (°F.) 


16.000 16,100 


Impact Strength (Izod), 0.41 0.34-0.40 


Ft.-Lb. In. of Notch 


Dissipation Facter (10°¢ey.) 0.007 0.006 


Specific Gravity 1.05 1.08 


test bar, stressed ove) 


p.s.i. 
1” span. 


on by 
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the granulation the greater the 
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Apphed* Transmitted Frictional Frictional 


Force Force Losses Losses 
Volymer Lubrication (Lbs.) (Lbs.) (Lbs.) (%) 
No Sample No 14,100 14,100 0 
Polystyrene 38,800 14,100 24,700 63.8 TABLE IV 
Volymethylstyrens No 39.200 14.100 25.100 64.0 
MS-AN 39,200 14,100) 25,601) 64.5 Effect of Lubricant Upon 
STY-AN BO 500 14,100 25.400 64.3 Frictional Losses 
Polystyrene 15.900 14.100 11.2 
Volymethylstyrene Yes 15,800) 14,100 1700 10.8 
MS-AN 15.900 14,100 1.800 11.3 
AN 16.200 14.100 100 12.9 
Fores required to transmit 14,100 Ibs. of foree through 
2) Dia. eylinder containing 100° grams of polymer 


In order to determine the optimum flow characteris 
tics of these polymethylsty rene polymers, various types of 


lubricants in varying concentrations have been examined. 


te In Figure & the flow or melt viscosity of polymethyl- 
‘a styrene has been compared with the general-purpose and 
4 Hheut-resistant grades of polystyrene. From these data 
x polymethylstyrene flows at about a 25°F. higher temp- 
iG erature than polystyrene. 

R By definition these methylstyrene polymers are high 
13 melting polymers. Consequently, it follows that higher 
Holding temperatures are required to plasticate these 
polymers, The injection cylinder is normally raised 
> 75°F. while the mold temperature is increased 50°F. 


Other than these slight changes, no alterations in mold- 
ing conditions have been found necessary. In no case has 
un increase in molding cycle been required; in some in- 
stunces, shorter cycles have been indicated. 
Polymethylstyrene has been successfully molded in 
all the common types of injection molding presses vary- 


ing in capacity from 1 ounce to 60 ounces. In several in- 
ES. stances, injection presses with preplasticizers have been 

used. It has also been run on a fully automatic press using 
d-second, over-all eyele to produce a molding having 
thiekness of only 26 mils. Molds of varying designs have 
been employed; three plate, hot runner, runnerless, centet 


FIGURE 8 
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gated, pin point gated, and tunnel as well as conventional 
gating. 

The copolymer of methylstyrene-acrylonitrile molds 
very similarly to polymethylstyrene. 


Low-Temperature Impact Strength 

Many applications require that a polymer have high 
impact strength at low temperatures as well as room 
temperature. It obviously is preferred that no degradation 
in mechanical properties occurs as the temperature is 
lowered. Impact strength has been determined on these 
methylstyrene polymers varying the test temperatures 
from 72°F. to -40°F, Several grades of impact-resistant 
polymer have been included in Figure 9 for comparison. 
While the methylstyrene molding compounds do not have 
impact strength values at room temperatures which cate- 
gorize them as impact compounds, their strengths do not 
change with decreasing temperatures as does the strength 
of rubber-modified polystyrenes. Two of the three impact 
polystyrenes actually degrade so that their strength be- 
low O°F. is no better than that of the methylstyrene 


polymers, 


Cold Flow Properties 

Cold flow or creep under compression is an important 
property to the engineer who is designing a mold. Ob- 
viously, a polymer that exhibits excessive cold flow and 
is to be subjected to stress in an application will have 
to be rejected because the molding will fail in service. 
Polystyrene has good resistance to creep under com- 
pression so long as the temperature remains below 120°F. 
However, innumerable applications call for higher op- 
erating temperatures than 120°F. For this reason the 
methylstyrene polymers will extend the application areas 
for thermoplastic polymers. In Figure 10, the methyl- 
styrene copolymer shows the least creep or cold flow of 
the polymers tested. One of the two commercial styrene- 
acrylonitrile copolymers is almost equally resistant to 


creep. 


Coloring 
Polymethylstyrene is a water-clear polymer and has 
unlimited color possibilities. It may not only be com 
pounded into the standard colors but special colors as well. 
The methylstyrene-acrylonitrile copolymer has a faint 
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FIGURE 9 


Low Density EFFECT OF TEMPERATURE 
The density of methylstyrene is slightly ver tha UPON IMPACT STRENGTH 


that of polystyrene (ice, 2.997). The densities and costs 

of compounds with which the methylstyrene polymers may a4 EXTRA HIGH IMPACT @ 

compete are shown in Table V. 4 EXTRA HIGH IMPACT # 


TABLE V 26 


Densities and Costs of Thermoplastic Polymers 24 
Specific Price Price 
Polymer Gravity ¢/Lb. c/In. 
Polyethylene 0.92% 0.410 1.26 HIGH IMPA 
Polymethylstyren 1.020 O.275 
Methylstyrene-Acrylonitrile 1.050 W405 1.54  CYMA 
Orr 1 ) ~ CYMAC 4 
Stvrene-Acrylonitril L.0S0) 1.58 TEST TEMPERATURE (*F 
Nylon 1.115 1.435 5 
Ethyl Cellulose 1.130 0.660 2.70 
Methy! Methacrylat 1.19 0.650 2.50 
Cellulose Acetate-Butyrate 1.205 0.620 2.40 FIGURE 10 
Cellulose Acetate L305 0.460 2.16 


COMPRESSIVE CREEP AS A 


FUNCTION OF TEMPERATURE 
a volume basis the cost comparison of the various (1/2" CUBE-24 HOURS-I,000 P S.1) 


thermoplastic polymers shows polymethylstyrene to be 


On 


DEFORMATION 


the lowest cost thermoplastic (Figure 11) (%) 
POLYSTYRENE 

20 

POLYMETHYLSTYRE NE 
Applications 

Due to this improvement in heat resistance many 4 STY-AN # STY-AN #: 

polystyrene applications which have had marginal heat 2 
resistance may now enjoy the safety factor in heat resis- © 
tance that polymethylstyrene offers. Potential applications e 
wherein polymethylstyrene may be advantageously em 
ployed include radio cabinets; kitchenwares, including 
dishes; tumblers, combs and brushes; hospital ware re- g 
quiring hot water sterilization; commercial storage bat- ; 
tery cells; and packaging containers. Polymethylstyrene 920 x 40 16 a0 x 
may be used to upgrade polystyrene in practically any TEMPERATURE (*F) 


lication. 
With the unique combination of properties previously 


mentioned for methylstyrene-acrylonitrile copolymer, FIGURE 11 
many areas of diversified applications can be visualized. 


These applications include radio cabinets, housings of all COST OF THERMOPLASTIC POLYMERS 


types, kitchenwares, air conditioner grills, bed pans, tum- )ST/LB 
: RELATIVE 
blers and dishware, and packaging containers. TO POLYSTYRENE 
In summarizing, these two low-cost methylstyren POLYMETHYLSTYRENE | 00 
polymers with their unique properties should not only is 
upgrade applications wherein the safety factor in prop pa 
. ° POLYETH N 49 
erties is marginal, but should also suggest applications LYE THYLENE e 
ME THYLST YRENE- a? 
vhich have heretofore been unavailable to thermoplastic ACRYLONITRILE i 
STYRENE- 
polymers. ACRYLONITRILE 
CELLULOSE ACETATE i 67 
CELLULOSE ACETATE- 
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aterials, Tooling and Machines 


Bennett Nathanson 


Vonsanto Chemical Co. 
Spring field, Mass. 


CY HE THERMOPLASTICS processing industry en- 
gaged in rigid package manufacture has facing it today 
a challenge to continue and expand the plastic packaging 
markets which they have pioneered and have continued to 
stimulate Advances it technology have satisfied the pres- 
ent economic requirements only momentarily; current 
practice requires refinement, and new methods and ma- 
terials must be created to develop new markets. 

The earliest injection molded styrene containers and 
lids presented many problems. Characteristic of the part 
was a wall section between 0.055” and 0.060", and a 
comparatively deep draw of approximately 342”. These 
containers were usually molded in cavity arrangements 
from four, to six, to eight per dieblock, in machines 
ranging in capacity from 8 ounces to 16 ounces. 


Filling the Mold 


Often the main problem involved in obtaining a 
quality piece was that of consistent fill-out of all cavities. 
Containers that were molded relatively far from the 
center of the platen either shorted, exhibited prominent 
weld lines, or showed unequal wall section. These could 
be due to any one of a number of factors: First, inadequacy 
of the machine to plasticize rapidly. The injection molding 
machine of this period was of the general utility type, 
with moderate ram displacement rates, relatively slow 
clamp action, and inability to deliver the required amount 
of resin (on a capacity shot) at the nozzle in a uniformly 
ind adequately plasticized state. Second, materials with 
slow and non-uniform plasticizing rates. Develop- 
ment of general purpose molding compounds for con- 
tainers had advanced to the point where set-up was very 
rapid, but flow in relation to the demand of time-cycle 
economies was limited. High cylinder temperature require- 
nents approached thermal stability limits of the material 
ind put a strain on the ability of the machine to deliver 
the quantity required. Cold flow in some cavities in a 
nulti-cavity container mold was characteristic. Third, 
gates and runners of necessity had to be larger than prac- 
tical to allow adequate flow of the material to the cavity. 
Even this was no guarantee that filling of all the mold 
cavities would result on every cycle. Molds were generally 
of the three-plate type with relatively heavy runners. 


This paper was presented at the Thirteenth Annual SPE 


Technical Conference. 


Sprue and runner were usually a part of the mold which 
increased plasticizing requirements, necessitating longer 
cycles, making more complex the economics of production. 

In order to obtain quality containers at economic 
rates, the following requirements were of importance: 

1. A direct improvement in materials for better flow and 
more flexibility of performance. 

2. Heating cylinders with more efficiency in plasticizing. 

3. Molds that would permit adequate flow of the resin, 
but would not sacrifice quality or production. 

These requirements gave impetus to the development 
of the hot-runner mold and runner-less molding, the soft- 
flow styrene, and more efficient injection machines and 
plasticizing chambers. 

Let us examine the nature of this phase, the original 
type of styrene container,—the typical 0.055” wall, 16-oz. 
pint container, six cavity, three plate die molded on an 
8-12 ounce machine. The container shot would weigh ap- 
proximately 192 grams, or 6-% ounces without runner; 
with runner, this would be 742 ounces. Let us relate these 
figures to the development of machines, molds, and ma- 
terials, and how they affected the economic status of the 
container in the market place. 


Runner Systems 


The runners on these original container three-plate 
dies were usually large, some even *s” in diameter, in order 
to allow material flow into the cavities with adequate 
speed. Some of the runner systems were of the straight- 
line type with consequent tendency for the near cavities 
either to have parts with a slight burn from toc rapid a 
flow, or too high a part weight from packing. The far 
cavities would sometimes suffer from short flow, or from 
welding incompletely. A better arrangement was that of 
the “Y” type or “X” type. Here, at least, there was a 
chance for material flow to be equalized more simply; of 
course, the ratio of runner-weight to part-weight became 
higher and raised slightly the plasticizing demand on the 
machine. 

A more efficient method in molding these symetrical 
styrene containers was to under-rate the machine, allow- 
ing greater ability to deliver at the nozzle, Gating and 
sprue arrangements could be relatively simple for four 
cavities; complete shot weight would be in the range of 
5'2 ounces. Runner section could be considerably reduced 
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because of the lesser distance to travel, and the smallet 
number of cavities. Often, because of the smaller plastic 
zing requirements, total production would equal or ap 


proach that of six cavities. 


Plasticizing Cylinder 

Assuming that the shot weight requirement was at 
the capacity of the machine, the obvious improvement was 
a plasticizing cylinder with ability to deliver a large? 
charge. Logical developments were those of: 

1. Heating bands of greater efficiency with control of watt 
density to melt the styrene more safely and prevent burn 
ing of the material. Also, ceramic bands for greater pro 
tection and insulation. These allowed placement of the 
heat where it was most urgently desired. 

2. Torpedo design modification to minimize frictional loss 
and maximize surfaces available for heating. 

3. Extended cylinders to store a charge which was more 
than adequate for delivery into the cavities but with no 
scorching of the compound. This was sometimes critical 
4. Ram advance and pre-pack to allow a larger bulk and 
weight to be delivered sooner into the plasticizing areas, 
reducing the ram forward times required. 

Conventional molds were either two-plate for lids, 01 
three-plate for lids and containers. The three-plate di 
was one of two types: 

1. Automatic dropping of sprue-and-runner after separa 
tion of the runner plate from the cavity plate. 

2. Hanging-up in the platen of sprue-and-runner afte) 
separation from the part, with the operator required to 
reach in and remove it. This could easily amount to 10 
15% of the overall cycle time, 

The former, of course, is preferable to the latter, At 
improvement of the three-plate container die was the 
development of it into a type known as the “hot runnet 
mold.” This involves an adapter section, which functions 
to store and deliver hot material to the cavities of the 
multiple unit mold and is a built-in, integral part of each 
mold. The sprue-and-runner are held in a molten condition 
in the runner plate assembly. 


Hot Runner Molds 


The essential features of hot runner mold containe? 

design and operation are: 

1. Control of temperature in the runner system. 

2. Effective reduction of heat transfer from heated runner 
system to other sections of the mold. 

3. Allowance of safety factor with respect to the heating 
eylinder capacity so that uniform and even temperatures 
can be readily maintained. 

Of the various means of insulation used in hot-runner 
container molds dead air-gap insulation is reported to be 
the best, and most effective. Cross-hatch, ground slots 
such as a waffle-grid, fine lines, or concentric circles cut 
on the outer surface of the runner block provide the air 
gap. A closed gap is preferred since it reduces the surface 
for contact and heat transfer without allowing the heat 
loss that would result from an open air gap. 

The hot runner technique has proven of sufficient 
advantage so that no packaging molder should overlook 
this method as a means of reducing production costs where 
more than two cavities in container operation is contem 
plated, in his larger machines. 

The essential performance features that act in re 
ducing production costs in hot runner container molds are 
as follows: 

1. Reduction of cavity (s) fill time (resulting in shorten 
overall ram forward). 
2. Increased machine plasticizing capacity (from heated 


runner area—which is essentially an extension of the 
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plasticizing cylinder before injection into the cavities.) 


3. Elimination of sprue and runner (will aid in automatic 


operation and eliminates the cost of grinding and repro 
cessing sprue and runners.) 

4. Reduction of die open time. (This results in reduction of 
overall cycle time plus elimination of the variable time 
element in removing sprue and runner from the three 
plate die arrangement. It also allowed the constructior 


of an essentially two-plate container die.) 


Parts and Lids 


For every container there had to be a lid. Lid mold 
are relatively simple, not having the deep draw of the 
container dies. Several methods of gating lids in two 
plate dies warrant mention 

One, of course, Was conventional side gating with a 
heavy runner system, the lid being cut off by the operato 
ut the press. The other, automatic degating by the sub 
marine or tunnel type of process. Here, the parts and 
runners would usually fall into the same box, ther 
eventually be separated out by the operator. Two-plate 
dies tended to produce parts of slightly unequal wall se« 
tion, particularly in multi-cavity molds where flow wa 
a problem. 

Three-plate dies more easily enabled automatic separ 
ation of the part and runner, often into separate boxes 
Depending upon design, the operator would be required 
to reach in and remove the runner system. Flatness and 
shrinkage with lids being a problem, especially in poly 
ethylene, good die temperature control was necessary 
Hot-runner dies for production of lids was a logical de 
velopment from the fact that with the 38-plate runne) 
system, scrap would be a large percentage of the tota 


shot weight than in a container die. 


Materials 

Materials being used during the periods of initial 
development were those of the general purpose styrene 
type—fast set-up and adequate flow for most under 
capacity shots. Economic competitive conditions made it 
imperative, however, that material suppliers work closely 
with the molder to supply him with faster flowing molding 
compounds. 

These efforts resulted in the soft-flow type of styrene, 
which plasticized readily under conditions of short cycling 
and set-up rapidly with very cold dies. Approximatel) 
85% of all clear general purpose styrene used in volum« 
packaging today is of this type. Molders were actually 
extending the utility of their present machines and molds 
by the usage of these compounds, enabling shorter cycle 
under equivalent cylinder settings. The materials then 
selves were given the softer flow by employment of on: 
of these factors: 

1. Slightly lower average molecular weight 
2. Lower heat distortion temperature. 
3. Addition of extra internal or external lubricant 

Any one or a combination of these would produce ia 
material completely adequate in properties for the ap 
plication involved, namely, a container of good strength, 
crystal clear in 0.055” wall section, produced on an eco 
nomical cycle. 

While many markets would bear the cost of a 0.055 
wall container, substantial expansion of stock containe 
volume necessitated lower manufacturing costs. To sup 
plement gains made by improved molding and machines, a 
reduction in material weight of container was mandatory 
Pint containers formerly 0.050” wall thickness are now 
0.035" to 0.037". They are sold as one-use containers 
whereas originally there was some interest in selling the 


thicker gauge as a reuse container. These containers have 
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Complete replacements for thicker 
containers 


tecent introduction of extremely thin-walled contain- 


thin as 0.014" wall, has given plastic packaging 


proved economie status in competing against paper 


pplieations. Thinner walls, however, pre-suppose prob 
ns of mute rial perforn mee The ive idequ ite strength 


nel monteris vith 


“Thin Wall” 


The term “thin-wall” shall encompass for our dis 
on only those containers Whose wall section is below 
W050 Phe container itself pose i problem of a very high 
rutio of il section area weight of shot) requirements 


obtain economical eveles, was 


With the older, general purpose type of machine, the 
ower acting ram speeds, and lower plasticizing eapabili- 
ties placed obstacles in the path of adequate production. 
There appeared to be a necessity for a new type tool, 

machine with these characteristies, faster injection 
peeds and plasticizing rates, high clamp for injection 
capacity involved, greater horsepower requirements, and 
micro-second, extremely accurate timing devices. 

Phe development of machines incorporating thes 
features accelerated the trend in styrene container mold- 
ing shops away from a general utility machine to one 
of specialized operation, machine designed to do a 


specie iob 


Fast Fill Rates 
Injection fill rates were decreased to micro-seconds, 

largely due to these more efficient components of the 

Injection operation: 

1. More efficient plasticizing chambers 

\. A “Soaker” chamber in line with the primary melt 
cylinder, to keep the material continually at a flow 
ible temperature without degradation. 

hh. A pre-plasticizer function to pre-melt the material 
before storage into the injection cylinder. 

(. A eylinder so designed to bring the material to a 
quick melt for flow rather than to let it “linger” in 
the chamber. 

All of these developments allowed for usage of 
lower pressures, yielding higher quality pieces. 
2. Injection fill time is a critical factor. Normal rates o 


fill were not adequate and some improvement had to 
be made. Installation of an additional pump for higher 
olume on the ram allowed bottoming in a fraction of 

second, This, for instance, is represented by adding 
nother 15 H.P. motor pump set, giving a total of 30 
H.. The other alternative was to increase the original 
equipment pump and motor horsepower requirement, to 
approximately 30 H.P., in one unit, 

%. Clamp tonnage was increased on the small, automatic 
machines to offset higher pressures involved in near or 
capacity shots. It might be mentioned in passing, it 
vas often found this additional tonnage was not needed 
due to the advantages gained through faster fill times. 
For instance, Where clamp was raised to 125 tons it was 
found that 90 tons would often be sufficient. 

4. Some work has been done with electronic timers as 
in improvement over electromagnetic timers to improve 
mechanical reaction, Split second timing coupled with 
faster ram speeds means no delay in production where 
miero-seconds would add up to lost parts. Electronic 
timers are not yet common in the industry and have 
to be developed more fully as the automatie machine 


is refined 


Forty 


Perhaps the most important aspeet of thin-walled 


container molding is that of mold design and construction 


Automatic Molding 

The development of the runner-less type of mold 
has been well-covered by Ernest Moslo. (Automatic High 
Speed Molding, SPE Journal Vol. 11, April 1955.) The 
uivantages similar to those of the het runner type for 
containers are readily upparent, This LV be of molding 
requires fewer cavities, less or no runner or gate serap, 
coupled with increased rates of production, 

In order to investigate further some of the problems 
ind phenomena invelved in thin-walled molding, Monsanto 
constructed single cavity, 0.020" wall, pint containet 
mold, for operation in a 3 oz. Fellows I-B-3 machine with 
direct nozzle injection. This mold was not specifically built 
to run continuously for many months of uninterrupted 
operation, but does incorporate many features necessary 
to automatie function. 

The mold was constructed to learn more of the per- 
formance characteristics of new and existing resins, and 
to relate mold construction and machine performance on 
this basis. The mold was designed for poppet and stripper 
plate ejection; both can be employed, or each one sepa 
ately. The sprue bushing was made of berrylium copper 
for improved heat transfer characteristics. The poppet 
valve stem was also made of this material, while the 
core and eavity were Crucible C. S. M. #2 tool steel. 
Stripper-ring was Carpenter #158. Both the poppet and 
core were water-cooled, and individually controllable, A 
double step container was designed to obtain rigidity to 
compensate for the flexibility inherent in a thinner wall. 


Mold Core Shift 


The taper lock between plates was approximately 30 
to prevent core shifting. It is felt that about 10-15 degree 
taper would be better protection against unequal wall 
thickness. Movement of the core, thus far, has been held 
to within 0.002”, It is realized that wear resulting from 
constant operation in this type of molding may cause 
core shift to exceed this value, The tremendous pressures 
and strains in the machine is amplified in the mold; the 
constant movement, open and close, and flow-in of plastic, 
subjects the metal to great stresses with reversal of load 
ing at sharp intervals. 

It may be that actual metal movement, or forging, 
does take place. Certainly fatigue does occur, As evidence 
of the repetitive high pressures involved, collapse of the 
mold sprue bushing is not uncommon, Some molds have 
been experimentally manufactured that have replaceabl 
sprue bushings. The average wall section at the point 
of nozzle junction in the mold may only be 0.040"; back 
pressure against this thin section or too heavy locking 
pressures against the mold bushing by the nozzle may 
easily stress and tend to crack the metal. This is a prob 
lem which bears further investigation from the viewpoint 


of reduced maintenance charges 


Material 

The advent of thin-walled styrene containers made 
it almost mandatory that styrene material formulations be 
improved to maintain adequate end-use strength. General 
purpose styrene is too brittle and too highly oriented in 
a 0.030" wall seetion. Impact rubber-modified styrenes are 
the present answers, which while still orienting highly, 
appear to provide adequate strength. 

The development of the fast molding high impact 
resins helped broaden this field of thin-walled molding. 
However, even these materials have their limitations, They 

(please turn to page 44) 
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Cellular Vinyl Foams 


. . . diversified uses and 
a bright future seem 
assured for this unusual 
material... 


N A FREE competitive industrial society, we ofte 
« see new processes and products challenge established 
ones and open up new and varied fields. For these to be 
successtul they must show advantages in cost, properties, 
and ease of application. Cellular vinyl, as the challenger, is 
well qualified to meet these requirements. 

The greatest growth potential of any phase of the 
plastics industry today is cellular vinyl. Fron 
an insignificant amount in 1953, cellular vinyl reached 
a volume of approximately 4'2 million pounds in 1955. 
In 1955, the total foam sales of all types was over 200 
million pounds, This figure shows cellular vinyl account 
ng for only 2, However, market estimates place total 
foam production at 500 million pounds per year by 1960 
with approximately half being foam rubber and the othe 
half being shared by vinyls and urethanes. These figures 
may be overly optimistic but there is no doubt that the 
new and varied applications for cellular vinyl] will result 
n a tremendous market in the near future. 


With this volume in mind, I would like to discuss 


the reasoning behind such predictions, Perhaps a good 


starting point would be with the resin used 


Vinyl Resins 


Vinyl is the term commonly used in industry to denote 
polyvinyl chloride resin. Polyvinyl chloride is a thermo 
plastic resin. It softens with heat and can be permanently 
deformed at high temperatures. Alone, it is a hard, rigid 
material but by the addition of proper plasticizers, it car 
be made with a wide range of flexibility and softness. 

Vinyl resins enjoy the largest usage of all plastics 
und have proven themselves over the past years in appli- 
cations that vary from wire and cable insulation to pro- 
tective coutings, shower curtains and baby pants, Cellular 
vinyl is a new form of this old, well-established material. 

The primary vinyl resin used in producing cellula 
materials is the plastisol or dispersion grade typified by 
Geon 121. The two major reasons for the use of this type 
resin are the ease of mixing and the versatility of com 


pounding. This is a stir-in resin and requires simple, inex 
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pensive dough or change can mixers in the one step con 
pounding procedure, This lowers the initial capital invest 
ment required, Plastisol resins offer the greatest freedom 
to compound for specific end properties of any of the 


Vinyl resins. Much of this freedom is retained in formulat 


ing for cellular products. 

There are two general methods used in manufacturing 
cellular vinyl products. The first, which may be termed 
“chemical blowing,” is dependent upon the decomposition 
of an additive in the plastisol. This additive or blowing 
igent must be capable of yielding an inert gus as the 
plastisol is heated, The second method in commercial uss 
today involves dissolving an inert gas, such as carbon 
dioxide, in the plastisol under pressure at a reduced 
temperature, 

Chemically blown sponge may be made with either 
in open or closed cell strueture—depending upon the con 
ditions under which it is manufactured. It can be flexible, 
or rigid, or any point between these extremes. Its resili 
ence may approximate that of rubber or it may be formu 
lated to be quite dead with excellent energy absorbing 
characteristics. A wide range of densities with excellent 
cell uniformity is possible. This method allows a wid 
latitude compounding and requires no specialized 


equipment. 


Blowing Agents 


There are several blowing agents on the market 
today. Typical of these are: 


Unicel S kK. 1. duPont de Nemours & Co., Inc 
Unicel ND kK. 1. duPont de Nemours & Co., Ine. 
BL 353 kK. 1. duPont de Nemours & Co., Ine. 
Celogen Naugatuck Chemical Co. 


Celogen AZ 


All of these release nitrogen smoothly and fairly fast 


Naugatuck Chemical Co, 


over a temperature range which depends upon the chemi 
cal constitution of the plastisol. It is preferable to have 
this range immediately before the gelation temperatur 
is reached, If decomposition occurs after the plastiso! has 


gelled, channels will form: if gas is released too far ir 
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gelation, there will be insufficient internal tack 


t gas and the cells collapse. Therefore, in 

ilating ne thought must be given to the factors 

= fluencing gel temperature. These include plasticizer, 
! tubilizer, and other additives, 

ie The effect of compounding ingredients on the gel 

= point of plastisols is discussed in an article by W. D. Todd 

s} n the September 1956 issue of Modern Plastics. This 

4 irticle concludes that the type and amount of plasticizer 

a ised ure the two factors which influence the gel point most 

: irkedly, For instance, in Geon 121 plastisols, Santicizer 


: 141 (Monsanto Chemical Company), an octyl diphenyl 
the gel temperature is approximately 45 C. 
Using the same level of Goodrite GP-236, a didecyl adipate 


nufactured by B. F. Goodrich Chemical Company, the 

vel point n the 70-C. range. This effect is primarily 
’ i result of the solvation rate. 

$ Chemically Blown Closed Cell Sponge 
‘nt Ir king closed or unicellular vinyl sponge, the 
. procedure resembles that of making unicellular rubber. 
4 \ cold mixed formulation of resin, plasticizer, stabilizer 
: ind blowing agent is heated in a tight-fitting mold under 
zi pressure int blowing and fusion occurs. The molded 
, irticle is then removed and expanded by subsequent 
fe heating. Flexibility and hardness are largely governed by 


mount and types of plasticizer. Density is a result 


Rte 
~ 


. primarily of the level of blowing agent. A minimum den- 
E ity of 4-5 pounds per cubie foot for a rigid sponge has 
2 been reported while flexible material has been made as 
a low as 2-4 pounds. 

i The formation of gas results in high pressures inside 
Z the mold. This depends upon the amount of blowing 
3 irent and varies to as high as 2000 psi in some cases. Hy- 


“" draulic presses with heated platens are the usual equip- 


cooling cycles will vary with mold design and _ press 


nployed to counteract this pressure. Heating and 


temperatures 


When the plastic shape is removed from the cold 


x old, expansion occurs and aids in removal. Ultimate ex- 
puansior attained by heating to 212°F. 

The advantages of unicellular vinyl are: 
3 1. High tensile and tear strength 
Low de nsity 
Non flammability 
‘ 1. Excellent heat and light stability 
». Corrosion resistance 

6. Excellent buoyancy 

7. Good heat and sound insulation properties 

8. Inert to water and most acids, bases, and other 
chemicals 
bi %. Easily heat sealed electronically 

10. Wide range of resilience 

YE The disadvantages of unicellular vinyl that should be 
; mentioned are its shrinkage after fusion and the perm- 


inent set resulting from cell rupture under excessive 
pressure and temperature, 

With the above properties, unicellular vinyl sponge 
is ideally suited for flotation equipment such as buoys, 
floats, life jackets, boat bumpers, etc. It is also used as 
nsulation in water coolers, home freezers, and air con- 
ditioners. In wearing apparel, this cellular material is 
most adaptable as jacket linings, footwear insulation, 
shoulder pads, and other applications where inertness to 
perspiration, greater warmth, and comfort are demanded. 
Athletic equipment manufacturers have found cellular 
vinyl to be desirable as protective padding in personal 
equipment, baseball bases, pads for wrestling and boxing 
rings, and other areas where a shock absorbing material 


Is nee ded 


Chemically Blown Open Cell Sponge 


In manufacturing open cell vinyl sponge, pressure 
equipment is not required. Conventional ovens may be 
used but two stage heating is desirable. Formulating 
techniques are similar to that for closed cell. The differ- 
ence being that the sponge is formed and fused at atmos- 
pheric pressures, Thus, the liberated gas is allowed free 
expansion and interconnected cells are formed. For molded 
articles, a measured amount of plastisol is placed in a 
vented mold and heated at the decomposition temperature 
until blowing takes place. The sponge, so formed, is stable 
but tender and must be handled carefully. Fusion is ac 
complished by heating to 325-350 F. A single stage oven 
can be used if the foam is shielded from direct exposure 
to hot air. However, the greatest expansion results from 
blowing at approximately 212°F. and fusing at 350°F. 
The complete blowing-fusion cycle will vary from 10 to 
60 minutes depending upon the temperature of the oven, 
size and shape of the article, and the con position of the 
plastisol. 

Chemically blown open cell sponge may be made 
continuously by casting the plastisol on an endless belt 
or any moving substrate. This technique is applicable 
to coating a fabric or fiber board. Again, separate ex 
pansion and fusing temperatures are desirable. 

Chemical blowing is particularly well adapted to 
molding small cellular items. Dimensional stability is 
good and there is accurate reproduction of the mold. 
Articles may be molded to close tolerances as the shrink- 
age factor is small in open cell sponge. Articles of open 
cell vinyl sponge may have a surface skin or a previously 
gelled vinyl skin formed by a slush molding process. 

Such articles have the excellent physical properties 
inherent in polyvinyl chloride as discussed previously 
under unicellular sponge except the open cell structure 
allows passage of vapors and water pick-up. 

Open cell vinyl sponge may be used in sun visors, arm 
rests, toys, rug backing, insulation, cushioning, and pro- 
tective padding such as helmet linings, shoulder pads 
and for packaging delicate instruments. Other uses in- 
clude crash pads in gun turrets and tanks. In submarines 
and ships, the hatches often have a pad at the top for 
which open cell sponge is especially desirable. 


Sponge Thickness 


The limit of sponge thickness has been reported 
to be three inches. This limitation is imposed by the dif- 
ficulty in heating thick sections to the fusion point in 
conventional equipment. However, fusion in an RF (radio- 
frequency) dielectric field—after the blowing stage—is 
said to allow production of sponge up to six inches in 
height. 

As in all vinyl formulating, it is possible to a great 
extent to vary the components to achieve desired end 
properties. Typical formulations, in the same density 
range, yet varying in hardness, are shown below. 
High energy absorbing: 


Geon 121 100 
Polymeric Plasticizer 79 
Aromatic hydrocarbon 20) 
Epoxy plasticizer 5 
Barium-Cadmium stabilizer 3 
Titanium Dioxide 
Neutral Calcium Petronate 
Blowing agent BL-353 10 

Density 

Pandux hardness 65 
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High hardness: 

Geon 121 
Goodrite GP 266 (didecy! phthalate) 25 
Goodrite GP 236 (didecyl adipate) 25 
Iso octyl palmitate 10) 
Chloronated polypheny! 10 
Calcium oxide l 


Dupanol ME 


Barium-Cadmium stabilize) 


Neutral calcium petronate 5.6 
Blowing agent BL-353 
Density 8.0) 
Pandux hardness a9 
Low hardness: 
Geon 121 
Polymeric plasticizer 100 
Barium-Cadmium stabilizes 2 
Titanium Dioxide » 
Neutral calcium petronate 3.6 
Blowing agent BL-353 10 
Density 
Pandux hardness 15 


Mechanically Blown Vinyl Foam 


The other method of producing cellular vinyl is by 
dissolving inert gases in the plastisol. Dennis Chemical 
Company, St. Louis, Missouri, has recently been issued 
a patent (U.S. No. 2,763,475) on equipment for mechani- 
cal blowing of cellular vinyl. Elastomer Chemical Corpora 
tion, Newark, New Jersey, patented the process of dis- 
1954. The Elastome: 
process is widely used by licensees at this time. There 


solving an inert gas in a plastisol ir 


fore, the discussion of mechanically blown vinyl foam will 
limited to this technique. 

This process is described in U. S. Patent 2,666,036. In 
outline, this process, as practiced today, consists of intro- 
ducing the plastisol by means of a pump into a Votator. 
Carbon dioxide is introduced at the pump discharge. The 
Votator cools the plastisol and thoroughly disperses the 
gas in it. The foamed plastisol is then discharged through 
a spray head or tube in the form of a continuous stream 
to a mold or casting belt. Fusion is accomplished in a 
conventional oven or by 2a combination of oven-radio 
frequency dielectric. 

The Elastomer process seems most suitable for volume 
production of open cell vinyl. In slab stock, material up 
to six inches in thickness and 54 inches in width is com- 
mercially available today. This is made possible by the 
use of radio-frequency dielectric fusing which reduces 
fusion time to seconds. Molded articles have to be oven 
fused and consequently require a longer cycle. 

The unique properties of vinyl foam combined with 
the inexpensive manufacturing equipment, freedom to 
compound to specific end properties, and the over-all 


economy of operation point toward sure-fire markets 
in many industries. Of these, cushioning for seating and 
protective padding seems to present the best opening for 
vinyl foam. 

The versatility of vinyl foam allows the production 
of material with the same density and hardness but al- 
together different energy absorption, and compressior 
resistance or cushioning value, 

Vinyl foam can be produced with densities of 3)2 to 
7 pounds per cubic foot with controlled resilience, elasti- 
city, and cushioning properties. In addition, vinyl foam 
resists flame, abrasion, tearing, aging, moisture, acids, 
alkalis, and most chemicals. It is a non-toxic material 
available in a variety of colors. There is no shrinkage in 
vinyl foam. It does not oxidize or hydrolyze. It can be 
embossed, die-cut, or skived and heat seals readily. 
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The limitations of vinyl foam today e its 
to temperature extremes and its plastic memory 
is being made to improve these properties 

Vinyl foam may be produced for cushioning 
stock, molded with or without cores. or molded with 
ntegral skin of vinyl or cust directly on a subtrate 
such as a fabric or carpeting. 

In specific applications, subway seating is presently 
aun active market. This market developed as a result of the 
flame resistance of vinyl foam. Of course, in addition 
flame resistance, the foam specified had to have the othe 
properties suitable for seating. The murket outlook in th 
applieation is good, Half the new subway cars will be 
equipped with vinyl foam seats. In addition to new equip 
ment, half the replacement seats will also be of viny 
foam, 

This established market has opened the door to othe 
uses in public transportation. It is now being used for 
eating in Navy buses. In addition, vinyl foam is being 
used for seating by the Long Island Railroad and in the 


Budd Pioneer IIT car. Ship lines also offer a market 
Where vinyl foam is most qualified. In addition to flame 
resistance, vinyl foam is unaffected by salt wate Wher 
these properties are added to its comfort qualities and 


ease of manufacture, vinyl foam becomes outstanding 
for this application. 

In the furniture field, vinyl foam offers the manu 
facturer advantages he has never had with previous cellu 
lar materials. It is compatible with materials used fon 
covering. In addition, fabrication with an integral ski 
possible—eliminating wrinkling and slippage of the coven 
Being thermoplastic, it can be electronically heat sealed 
quickly and easily to most other materials. Quilted effects 
may be achieved to give a rich 3-D_ effeet—improving 


the appearance. Its good tensile and tear resistance allow 


vinyl foam to be sewn. Vinyl foam can be compounded to 


have different cushioning qualities at a low density. Its 
resilience can be controlled to a certain extent witheut 


changing its resistance to compression. 


Uses in Furniture 

In the furniture line, school seating is now being 
marketed by American Seating Company with a vinyl 
foam cushioning made by the Brown Rubber Company 
Lafayette, Indiana. These pads have slush-molded integral 
skins made from a vinyl plastisol. The market is also oper 
for vinyl foam in church and theater seating or any othe 
applications where long life and good comfort qualitie 
are demanded. 

Today, the automobile industry offers the greatest 
‘hallenge to us who are interested in vinyl foam. Us« 
conditions ure more severe than in the other transporta 
tion fields. Materials used in automobiles are exposed 
to temperatures from minus 40 to over 100 degrees, Thi 
range of temperatures along with chemical and weather 
attacks and all kinds of abuse must not show their effect 
on the finished article. These articles must be low i 
cost and adaptable to modern assembly techniques. How 
ever, this market potential for vinyl foam is tremendou 
It is presently being used as a safety sun visor—either 
With an integral skin or by first molding foam around 
the insert and then electronically heat sealing a viny! 
film around the assembly. Arm rests of vinyl foam are 
also being made. A potential market here is for crash 
pads on the dashboard. Seat cushions are being developed 
The nature of a thermoplastic foam being that it will! lose 
some of its load-carrying ability when heated and, at ex 
tremely low temperatures become stiff and ‘“boardy”, has 
limited the use of vinyl foam in automobile seating. Whe 
this problem has been solved, the automobile industry 
could become the major outlet 
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e briefly discussed the large volume markets 


foum. There are many other applications where 


im is-—-and will be used. As a rug underlay, vinyl 
gIVES rich, resilient feel to even the lowest priced 
A rpet. As a bath mat—either alone or with a fabric 

nyl film topper—it gives a clean, washable, non-skid 
In the novelty field, we 
ve articles such as bath sponge, dishwashing mitt, 


cle that is most attractive. 


clothes hangers, ete 
The use of vinyl foam as accoustical and thermal 
insulator another field that should be mentioned, The 
K factor for vinyl foam has been reported to be 0.25 
(BTU hour sq. ft F.) as compared to cork at 0.30. The 
¢ ound absorbent coefficient is comparable to that of felt 
ir. Possibly, these faetors are influenced by density 
nd cell size and require further study. However, insulat 
ng characteristics coupled with flame resistance and the 
other desirable properties of vinyl foam could result in a 
profitable market in building construction, railroad ears, 


und planes, 


Insulation 
Insulating properties should not be forgotten for 
Vearing apparel such as arctic boots and overshoes and 
a lining for tents. Its inertness to perspiration and 


er and its non-toxic nature make it ideal for shoulder 


? Vil 
pads, bra inserts, shoe innersoles, truss pads, brace pads, 
ind other applications where actual contact with the body 
IS Necessary 

One of the most interesting products on the market 
today is Bolta Products’ (Lawrence, Massachusetts) Foam 
Quilt This material, manufactured by a one-step elec- 
tronic heat sealing process, features vinyl foam integrated 
vith a vinyl skin and backed by a fabric. In addition to 


the appearance, this material has the functional value of 
eliminating wrinkling and shifting of the pad. In the 
furniture field, Foam Quilt will be used as a cushioning 
and upholstering material in one. It is also highly prob 
able that this material will find extensive use in auto 
mobiles as door panels and head liners, As a wall cover- 
ing, it will be found in play rooms, dens, bars, and the 
like. The appearance of this Foam Quilt on the market 
has opened the door to designers and engineers in that 


they can now operate in three dimensions, 


Cost 


Vinyl foam is competitive with other cellular ma- 
terials on the market today. As advances are made 
formulating, such as using resin blends—Geon 121-Geor 
202 or Geon 121-Geon 126, low cost fillers and extenders. 
and as the volume grows and techniques improve, furthe: 
price reductions are anticipated. 

1 have discussed two of the major processes for 
making cellular vinyl and emphasized the properties that 
make foam and sponge desirable for many applications. 
I have tried to show the growing importance of vinyl 
foam and sponge and how they may be used with youn 
products on a profitable basis. 

In closing, I'd like to say that there are still prob 
lems to be solved in the cellular vinyl industry, The 
technological progress has been amazing for the past 
few years and there is no reason to suspect that it will 
not continue. 

The cellular vinyl industry is still in its infaney. The 
market for applications has only been scratched but 
through the ingenuity of the people in the plastics in- 
dustry, it not only will be seratched, it will be plowed and 
planted and a profitable harvest reaped. x * 


Injection Molded Packaging .. . 
(Continued from page 40) 


are highly stressed in the range of 0.012"-0.015" wall 
thickness and provide a part susceptible to cracking along 
these lines parallel to flow. 

In order to test these thin-walled containers, a special 
impact device was constructed in our laboratories. This 
was essentially a horizontal blade, swinging by gravity 
in an are, similar to the Izod tester. Flat pieces (less than 
W.025 wall thickness) were cut from the containers. It 
vas found that strength in a parallel-to-flow direction was 

tbhout one-half that of perpendicular-to-flow. The signifi 
cant thing was that strength at 45 degrees-to-flow was 
almost equal to that of the perpendicular pattern. Thus, 
if a styrene material could be made to orient at 45 de- 
grees-to-flow, or in random patterns, it would undoubtedly 
offer a stronger product. Molecular realignment is the 
desirable achievement. Incidentally, annealing of thes: 
previously mentioned thin-wall sections did not change the 
strength ratios, or increase impact resistance. The pieces 
were Just apparently too highly strained. 

\ problem with high impact styrenes is that of low 
temperature strength. Impact at low temperatures is ap 
proximately one-half that at room temperature, Since the 
majority of styrene containers are used in applications 
Where foods require cooling, the immobilization of the rub 
ber phase due to low temperature can present a problen 

Salads, cottage cheese, and simple cold pack products 
vhich are stored and displayed at approximately 45°F 
present no problem, Quick freeze items, such as ice 
creams and sherbets processed at 30 to 40°F impose 
critical performance conditions since normal rubber modi 
fied compounds have lost the added strength achieved by 


} fou 


inclusion of the rubber, Containers used for these latte 
applications then must be of uniform and high quality. 

These then are directions along which formulation 
efforts are presently being expended in styrene materials: 
1. Faster moldability. 

2. Less orientation due to rapid flow of material. 
3. Increased cold temperature strength. 

As a packaging material, polyethylene can hardly 
be neglected. This resin is presently being used extensively) 
in lids and a large number of rectangular and cylin- 
drical containers. In the design of containers 0.040” wall 
and below, polyethylene is highly flexible. In order to 
obtain any degree of rigidity, specially designed ribs are 
added for stiffening. The introduction of the intermediate 
and high density resins appreciably brighten the picture 
from the structural viewpoint. 

The addition of the high melt index high pressure 
resins helped the economic picture for the molding of 
lids. Cyeles were reduced as much as 15° by these new 
materials, with reduction of corona and frost, and with 
a better finish. Of course, some decreased resistance to 
environmental stress cracking was a_ corollary. Also, 
techniques for obtaining transparency by shock cooling o1 
the core enhanced the value of the material as a pack 
aging tool, See-through transparency, definitely com- 
petitive with and even better than high impact styrene 
was obtained, x* 
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example adding a flare or increasing 


the cross-section, can be accomplishes 
ut ttle cost Oh) the ther hane 
a change from edge gating to cente 
gating or sub-parting tine gating cat 
Edited by Louis Paggi, | i Pont de Ne ars & Co. Very costly and often impossible 
vithout reworking replacing the 
ardened cavities 
exists 
There are some causes of Warpage 


Test Cavities vVhich may corrected bv altering 
erating conditions of the mold an 
machine, Other causes of Warpage 


stem fron cle sign teatures of the iten 


Louis Paggi 
to be molded and generally canneat 

vercome altering the molding 

conditions. Test molding with one se 


T IS WIDELY recognized that the wen run on cycles which were s cavity may be the least expensive way 
to determine f design modification 


molding machine has sufficient flex- times longer than necessary to mold 
bility to permit varying conditions to the same parts to meet all specifica are necessary. 
suit the requirements of the average tions except dimensions When considering a test cavity pr 
mold. Too often, however, absolut Mold shrinkage is seldom linear o1 cedure it is natural to be concerned 
reliance on the flexibility of the iniform for all dimensions and it is over delaying the construction of the 
machine will lead to production of therefore almost impossible to predict production mold and adding cost 1 
parts of inferior quality. shrinkage between hole centers or to the operation, Actually few precisior 
In spite of the vast amount of redict differences shrinkage molds go inte production without 
knowledge which has been vained tween thin and massive sections modification, and, wher heces 


through years of experience in inje¢ the same part sary, this work may prove more costl) 
tion molding, we find many molds and time consuming than the test 
Non-Uniform Cross Section cavity approach, Also, certai modifi 


operating inefficiently or producing 
sub-standard moldings. This cond \ good example of where dimen cations may not be apparent until the 
tion exists because properties and sional problems might be encountered actual molding operation and it may 
dimensions of moldings, as well as the with a part of non-uniform cross sec then be impractical to make then 
behavior of the mold, vary wit! tion is a cluster or step gear, This bias : 
molding conditions, and molding cor part will usually shrink proportiot 
ditions can seldom be predicted. ately more across the diameter of the The recommé nded Pees a 
' i oie smallest gear and least across the test cavities is as follows 
Use of Test Cavities diameter of the save Pesos n the 1. Machine a single cavity to th 
Many of the problems existing to cluster. Since shrinkage in this case specified dimensions making I 
day might have been eliminated or at sa function of geometry of part and allowance for mold shrinkage. Th 
least substantially reduced if test relative mass, It cannot bye comp n s to simplify” the calculations = ft 
cavities had been used for test mold sated for bv altering machine cond shrinkage allowances for the produ 
ing prior to constructing the produc tions. except to a small degree by tion cavith after the test molded 
tion mold. In this way the basic desig? molding at conditions yielding mit samples have been measures 
of the mold and cavities could hav mum mold shrinkage. If under thes 2. Fit the cavity In the actual mot 
heen altered to suit the necessary conditions the part grows above the vase to be used in productiot 
conditions for producing top quality ipper dimensional limits, all of th Phe data obtained from a test cavit 
parts at minimum cost. cavities must be reworked or replaced na smaller mold base r other that 
Test cavities are of course not The expense involved with one sucl the base to be used in production may 
necessary for molding of simple parts mold would pav for many test cavity not be dependable especially if the 
where dimensions or quality are not perations . ayout and runners used are different 
f than planned for the production mold 


critical, nor are they necessary fo! 


single cavity molds. They should. Adverse Conditions 3. Machine the sprue, sprue pu ler an 


however, be considered when one ot 3. When doubt exists regarding the a of the runners up to the positior 
more of the following conditions alf of the mo ad to which the part vhere the production cavities wil bye 
exist. vill adhere. nserted 
1. Multi-cavity molds to be run at the We often encounter molds being This procedure is ost importar 
shortest possible cycle. For example, run under adverse conditions becauss ecause it will establish the time r 
a cycle may be long because of knock some or all of the parts tend to cling quired for the material to arrive at 
wut difficulty which might have beet to the wrong side f the mold. This the cavities. It will introduce the bac 
corrected by a greater draft angle o1 s usually the result of a section su ressure ind pressure ss unde) 
the cavity or by employing a different s a tube shrinking more across 4a vhich the system operate in p 
tVpe of knockout. ypivel dimenslio! thar Was expected, ductior berate sl rt shots take 
2. To pre-determine shrinkage allow (i.e., more near than diametra luring test molding wx determine 
ance for production cavities, shrinkage or vice versa) vyhether the f ng of the runnet? 

In order to meet dimensional re 4. When doubt exists as to the best malanced, 
quirements, molds for some parts have type or location of gate (please turn to page 63) 
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Althoug caretu inalvsis of Une | 
gate is not required for the great 
4 ck aif iften encounter molds operating a = 
parts simply because the gate Ss hot 
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of calibration is the discontinuity re 
sulting when the pipe is cut. In ad 


dition this operatior s time consum 


ing and can result in a 5% production 
loss. These losses can be avoided con 
pletely by the use of a so called 
“floating plug.” This will be explain- 
ed later. 

Another method of sizing shown In 


Figure 2 is the so called vacuum 
method. In this method the sizing 
tube is placed at a predetermined dis- 


tunee from the die and is of smaller 
Edited by R.D. Sackett diameter. This method does not. re 
rechnical Service Associate quire support air, instead the air is 

removed from the center part of the 


Monsanto Chemical Company 
‘ calibration tube, 


Springfic id, Massachusetts This technique eliminates the loss 
associated with support air but. still 
requires that centering be done hy 

moving the mandrel with the possi- 

bility of decomposition in PVC, 
Other methods of calibration some 


Experiences in Extrusion of Plastic Tubes 


Gerhard Schenkel, Hannover involved the use of “draw nozzle” 


while at the same time supporting 
t ted from Kuauststoffe, Or the article will deal onlu with the the tube with air. This method has 
ethod of centering and calibration the disadvantage that sizing is don 
The above paper discusses a neu which is of particular interest in the while the material is in the thermo 
‘ fj contering and ealibratios extrusion of rigid PVC. The method elastic state and as such strains are 
presents ell wa are applicable to all) thermoplastics, invariably formed in the pipe. 
wall thiel In Figure 3 is shown another meth 
prt] od most suitable for thin walled cell- 
( ulosic tubing such as 2” diameter by 
pw VIOUSLY, centering and from it. 004” wall thickness. In this setup, 
eal ‘ epi te ons ‘ ‘ Ss mor Hl is aio 
} die for the manufacture of pipe from and support ai bo 
ng lor nside th rigid PVC or polyethylene. For rigid throug! extended man 
ad nm outside the are og : ‘SS SENSI e ¢ 
> we PVC, the diameter of the calibration lrel to give a le ensitive air control. 
" lly lon her by tuhe is about 15% larger than th Still an aes ethod ymetim 
rie OF Inge the die and for polyethylene about 30. used — and 
p DY men oft everul opposing outside SIZINg aevice, 1e outsice 
idiusting He vhich pern 4 th It cun be seen that, in a die with calibration device resembI ; Figure 1 
ist ‘ rl ‘ > ese es y y 
; radial 1 t of the two part a movable spider ring, there is a dis- nd Figure 3. T nside sizing man 
Thi rew ! tually ufficient continuity of flow when the ring Is lrel is | at da few inch from th 
but racti it | sier to wu moved radially, In addition the fit nd of th xternal sizing tube, Thi 
between the ring and die be 
ther four or eight serews, On in as : nus method is more suitable for flexibl 
th lip usu loose in order to pe rmit movement 
if ljustabl In er head dic the of the mandrel. This is especially Summarizin it n b tuted that 
OSS Ss, mnarizing, can t stated att 
nal 6, the die lips ar critical with PVC as this may result 1] th 
ane ) ( ¢ » il ese proces es nen 
in decomposition that can be carried . 
ovable : > have one or more of the following 
Calibration of th forward. In this setup the calibration hertcominn 
tilt i ono ‘ ala l sno co rs 
tube is fitted directly to the die and 
‘ wcomplished by means of water A. Universally not applicable all 
“support air” is used in the usual The: 
oled tubes. rings, or nozzles whose Ps thermoplastic materials suitable for 
manner through the center of the . 
nside diameters are larger or smallet the production of pipe. 
mandrel. Air is used to lubricate the malt sail al 
heat ose of the die opening. niversally not applica to all 
re placed either in direct contact tubular dimensions of practical inter 
th the di ps or at some distances One disadvantage of this method est. 
SUPPORT AIR d WATER OUT 


AIR 

LUBRICATING Al waTer IN 
Figure |. (a) head, (b) die, (c) pin, (d) calibration tube 
(matted on the inside), (e) sliding seat, (f) ‘step’ (at radial 


displacement of pin). 
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Figure 2. Set up of ‘vacuum method” for the production 
of tubes, (a) Head, (b) plastic tube, (c} calibration tube. 


= 
1 
“= 


C. Danger of decomposition o 
thermoplastic materials, particular 
rigid PVC, Vnel ising heads 
idially lisplaceabl pir l 
1) | itent tres 
cabhibratior 
Shown in Figure 4 is technically 
proven ate fixed muandre nal 
lie lips. Centering is done by rad 
lisplacing ( Ibrating tubs vhict 
! es contact with the face of the 3685) 
dle i? a the nsicle dian ete! S Lire Figure 3. Method with inside calibratio 
than the die opening. In other word ot cellulose acetate. (a) Head b} cellulose acetate 
ann: cooling, (e) draw-off, (f) and (g) support air entrance 


done with the same part of the dis 
Phere s no danger that mate 
flow into the CTEV resulting 
on the movement of the centering 
device rainst the alle Decuuse 
the material is no longer unde 
sure at this point. The wall 
ess of the pipe is reduced to t 


tube 
and 


re 


(c) 


lease 


inside 


sired ad between lips 


mension 


ind the point of contact on the in 
side wall of the calibrating die. This 
reduction is dependent on the ratio 


between the rite of drawit 4 off to the 
rate of extrusion. It is 
dent on. the 


nside diameters of 


also de pe 
the 


calibrating 


re lationship between 


the 


n for the production of very thin-wailed tubes or hose 
ouxil ary pin 


{d) wat 


calibratio 


tubs and the die, In iddition depend 
ng on whether the calibrating tubs 
In eccentric or centre positio = 
the dle, there Ss oun unevel or eve 
reduction in) wall thickness. In th 
manner, ditferer n ti li tl k Figure (a) starting head, (b) rubber collar, (c) water bath (d) auxiliary plug, (e) wire 
niin itferences i Wall lic 
calibration tube, (qg) water supply, (h) water drain, (i) support, (k) wire coil. (1) center 
ness ¢: ualiz vel 
Cul equ eal \ \ ng {m) oir release. [n tloating plug. 
The tube is also free of stresses ° 
With a setup such as this, water effect o1 the ealibrating§ tubs ron Ist plug. It itficient 
Is required is the Pipe emerg the cutting off operation kor pe thre tree end the poe nerels 
1 
es from the calibrating tube. Inereas that can be coiled, it is not necessary queezed off x * 
ing the length of the calibration tubs 
would reduce the amount of auxiliary ee 
cooling required but would result in Pest Cavities... 
excessive friction ind poor surface 
\ special type of spray cooling sys 1. Determine the best molding cond e materia ume required frot 
te has been found to tions required to produce tistacto) te Cavity 
cessful than a water Marts from the test ivity mol mold hot vance 10 
An important part of this teehnique neluade molding it he on both pre Pe ane Temp 
s the use of a “floating plug (it hortest po le evel noting if the e adequate 
Figure 4) in closing off the nsiae I part ejects freely, if dimensions of tically every tuatior 
the tube against uncontrolled escape runners and gates are adequate for WW) 
of the Support air. The use of lel rood contre ete If the proposed motad 
produced ! every res pen ) 
au plug is nothing new but the method s such that the distance between the 
of installation is unique. In this met! nearest and most remote cavity 4 
it support Vine run ao great, it may necessary to insert ‘ 
yl pice ind ou he he test cavity at both positions in the ‘ 
drell, Attached to his . Sper mold, Molding under identical cond 
plug with an adjustabl r bleed fo tions for both positions should produce Fe the parts to be produc _ 
‘soft™ regulation part Within specifications. If the tre relieving, th shou done 
The start of production is mad produced are not within specifi aging 
1 1 nei { ‘ 
eusier by use of a starting head (a) cations the main runner may have te Riegel RET om 
The starting head seals off the en be increased in diameter in order to resses, Then shrinkage data thu 
of the pipe initially and the wir mprove the rate of filling and the ef MASS Sac Se Uaed u 
! Mi 1? the I) 
drawn down through the pipe. After fective pressure to the remote cavity 
the first cut is made the starting head In the event the tolerances cannot be ; 
is replaced with the ctual floating mproved by enlarging the main run 6. Insert tl production tir 
plug. The floating plug cun then be ner, the cavitle should be reduced it the tine n ad base used for t 
idjusted als ae sired ns of ne nun | ol i hew avout shoule molding 
hand crank located o op he «aie nsidered Slight differenes dimensiot 
This ethod = is pplicable fon During the molding operation, « may resu vhen production 2 dit 
types of pipe extrusior The pene reme mits of pressure and empera inate the ime conditions ised 
construction of the die prevents di ture should not be used nee tl test molding. These ght difference 
con posit on With rigna Ir ( \ t minate the Tle bility W cl al compensated fo \ alteri 
dition tne flo: ting plug prevent \ necessary ney tepping ul re condition nti * 
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Ernest P. Moslo 

iy 
1 Haddad | istant Ldirector of Te nical Service at Vonsanto Chem 
| any Springnheld, Vassachusetts. He is re ponsible for the Technical 
“a 


Service and de velopme nt activities tor the Plastics Division. 


J everal patents and papers on pla fre proce 


sing and applreation 


He is author at 


Eli Haddad 


TECHNICAL SERVICE and 
PRODUCT DEVELOPMENT 


* 
Eli Haddad 
a Vonsanto Chemical Co 
Springtield, Ma 


: THE Plastics Division of Monsanto, the 


phrase “ne product development” encompasses 


the factors and responsibilities, from the time a pro 
gram for field evaluation of the product is agreed upon, 
intil the product is transferred to commercial sales (01 
, : judged to have no chance for achieving commercial sales 
: olume) The field development program itself is com 
ed tor two principal phases. 

1. Product Development: This is the “proving in” 
. phase or the determination of the inherent tech 
cul and economie value of the new product with 
potential customers. It involves primarily a quanti 
tative determination of the price performance ratio 
if the new product with respect to all other con 

petitive products 
i 2. Sales development: If the price performance ratio 
favorable, the product enters the sales develop- 
ent phase. This involves, primarily, the develop 
commercial level of continuing sales u 


rit aft 


each major field of use. This is the final erterior 


for transfer to direct sales, and completes this sales 
development phase and also, the new product de 
velopment phase, 


Unrelated new product Product development 


development 
Sales development 


Related new produet Product development 


development 


| Sates development 


The sequence, as charted above for the total new pro- 
duct development activity, can be delineated from the 
standpoint of products. In the parlance of development in 
the plastics industry, the phrases “unrelated new pro 
ducts” and “related new products” have distinctive attri 
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“a 


butes, which will be clarified. An unrelated new product 


s one which differs significantly from established plastics 
products in one or more of the following respects 
A. Technology of fabrication 
B. Potential application 
CC, Methods of marketing and distributior 
An unrelated new product can be old to industry, 01 
new to ndustry. The field development of wi related new 
products is the key function of sy group, Whose sol 
ctivity is in this sphere. 
\ related new product is one which is similar to cw 
stublished product in all of these respects 
a. Technolog \ of fabrieation 
B. Potential customers or application 
C. Methods of marketin 


In othe words, these are the “new methods” of estab 


und distribution 


lished products. Again, a related new product can be old 
to industry or new to industry. The field development of 


related new products is one of the key functions of tech 


nical service 
Examples: 


I. Unrelated new products 


Significantly different appl 
Expandable stvren 


Il. Related new products 


Established technology 


A. A new phenolic , 
compression molding 


molding muater- 


ial for high speed )Applicatior same 


itutomatie molding 
Distribution 


an Molding 
Established 
extrusion 
technoloyy 
Coating, ete 

B. Intermediate densi 


in type 


Distribution similar 


ty polye thvlene res or is earlier 


nels 


Assuming, then, that the foregoing constitute a suit 
able group of definitions of the activity, the next phase of 
this exposition will include the structuring of the function, 
and a description of actual performance, and specifically, 
how the function integrates with the research laboratory 
development group. 

Within the Plasties Division of Monsanto, the total 
field) product development efforts as delineated earlier 
rest squarely in the marketing department, reporting to 
the director of marketing through an echelon of managers 
ind directors of technical service and development. 

The reasons and philosophy whiel underlie this ot 
yanizational form proceed logically from this thesis; that 
the marketing concept, as distinguished from direct sales, 
represents the organization and integration of the varied 
components of that total effort whose objective is corp 
erate profits built on the products the company sells. It 
follows then that the ability to bring in successful nev 
products as the old “phase out” tal to the company 


progress. 
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ne thing s certain, creating new products e 
< net enough, Management must be certain there is 


rofitable market opportunity and that the new products 


ire well oriented to the needs and desires of potential - 
customers. We place emphasis on the need more closely 
to integrate marketability with every stage of the corp 

irate evele from product conception and development 


through to the satisfied smile of the customer 
Such ntegratiolr Sou two-way necessity the ote if 
hand, the sales knowledge of the customer needs to be 
shared with research, production, engineering and finance, 
for the day has gone when a producet can say, “TL give 


the customer anv color he wants—so long us it’s black—" vai 


On the other hand, the sales Knowledge of the product 
ind its potentialities needs to be shared more fully with 


the customer. The old cliche, “the customer is alway 


right,” sometimes is just not true 
This intensified integration of marketing cd 
velopment is especially indicated in the plastics industry 
Vhere the base materials are so inherently versatile and 35 
responsive to intelligent planning toes 
In my initial remarks, | implied that) there were 
ither significant factors and responsibilities the 
development effert and up to now, T have elaborated on ay 


The Product—Research to User 


Transit! 
tesre isboretory phase prese Pield lopment phrase 
-- 
cerature survey 4 
1 
Researc abore ess Sintenance 
t 
ome 
' 
ant scale A 
' 
a 
r 
! t me eva a 
ble es 
ne i ome ive 
maint 
ty echnicel t performance ra 
nte ence 
| 4 ome al sales 
era 
espons es are with s es 
econds fapons are nes 


field development as a key function of plastics teehmiedt! 
service, specifically, its position in the coordinated market 
Ing concept. 

The technical service development function is alse 
integrated mechanically with the applied research pro 
duct research activity. How this proceeds can be illu 
trated by the appended time-line visualization, 

This then is the role which technical service play 
in our development function. As technological advances 
n our industry, together with the proficiency of oul 
competition, make insistent demands toward dynamic pro 
duct obsolesence and improvement, this role becomes pro 
portionately significant in the completion of the develop 
ment cycle. 

But in another and longer sense development is never 
finished. New, and yet newer applications and products 
and processes have to be found in our expanding industry 
Materials will have to be altered from time to time to fit 
the changing picture 

For this reason de velopment is more than a fun 
tion of our enterprise. It is a spirit which like the pro 
and on, and on! x * 


vress it engenders goes on, 


i 
, 
nique technology = 
4 
Ditferent marketing & distr 
bution channels 
4 
ne 
; 
‘| 
| 
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DOW'S CLINICAL APPROACH TO HEALTHY PLASTICS APPLICATION 


MOLD RIGIDITY CRITICAL FACTOR 
IN INJECTION MOLDING 


RIGID 


Trends in the injeetion molding in- 
dustry indicate the of larger 
thin-walled moldings whieh require 


closer) dimensional tolerances. Re- 


search in the Dow Plasties Technical 
Service Laboratories has shown that 
these complex pieces must be made 
in molds with maximum rigidity. To 
prevent bending or bulging often 
caused by high plastic pressure in the 
design techniques were 


mole, new 


itive stigated, Vlassive design alone ts 


not enough to prevent this condition, 


It was found that individually located 


cores and cavities are more. satis- 
factory than those located by guide 


pins in multiple cavity molds. Indi- 
vidual location by the use ol tapered 
“ull Live es of wedge blocks proved to he 


more effective in) maintaining con- 
sistent results. Warpage and dimen- 


sional change in the mold were mini- 


mized by careful heat treating pro- 


edures., 


Ll nder the direction of Dow Plasties 


AMERICA’S FIRST FAMILY OF 
POLYSTYRENES 


GENERAL PURPOSE 
RON 666 
1665 (Extrusion) 
1688 (Easy Flow) 
N 689 (Easy Flow) 


HIGH IMPACT 
1475 
(Medium Impact) 
440 (Heat Resistant) 
(Extra-High Impact) 


| HEAT RESISTANT 


| 1683 
4700 


MOLD DESIGN HELPS MAINTAIN CLOSE DIMENSIONAL TOLERANCES ON THIN-WALLED MOLDINGS 


WALL THICKNESS VARIATION IN CONVENTIONAL AND RIGID MOLDS 
070 
CONVENTIONAL MOLD DESIGN 
, 
0.018 
WALL ~ VARIATION 
(INCHES) + VARIATION 
.030-r— 1 
RIGID MOLD DESIGN 8, ‘| 
.020}— 
MEASUREMENT 
.010 T 
1 2 3 4 5 6 7 8 1 POINTS 
MEASUREMENT POINTS AROUND PART CIRCUMFERENCE 6 “4 ‘ * 4 
+ 
5 


Technical Service, Plastiatries studies 
this 


similar areas in an effort to find praeti- 


and research continue in and 
eal solutions to problems plastics 
engineering. Determining the factors 


that contribute to rigid mold design is 


RIGID DESIGN 


just one of a series of such studies. 
For your copy of “The Importance of 
Mold Rigidity in Injection Molding”, 
write, THE DOW CHEMICAL COMPANY, 
Midland, Michigan, Plastics Sales 
Department PL 1544). 


L J 


CONVENTIONAL DESIGN 


As shown in the illustration above, a tapered locating surface brings the core and cavity into alignment 


more effectively than the guide pin method 


tap red locating surface. 


YOU CAN DEPEND ON 


Even a slight shift in the alignment could cause a very 
significant variation in the wall thickness of thin-walled containers. These shifts are 


minimized by using a 


par 
a 
2 
J 
2; 
| | 
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} cltion— * 
By Your . 
National 


Organization. 


“The objects of the Society shall be to pro- 
mote in all lawful ways the Arts, Sciences, 
and Engineering Practices and Standards 
connected with the utilization of plastics.” 


Excerpts from third 1957 National Council 
Meeting June 13th, Statler Hotel, 
Boston, Mass. 


Journal Changes 

Publications Committee, directed by C. LD. Kacalieff, 
St. Louis Section is studying all aspects of SPE Journal 
format—cover design and color, page layout, new feature 
articles—and plans detailed report to National Council in 
October. 

Journal, which now reaches 6600 readers monthly, 
will soon be expanded to 72 pages per issue as new 
feaures are added. 

Technical Committees Report 

Jules Lindau III reported te Council that SPE Engi 
neering Series volume “Processing of Thermoplastics 
Materials” will be published in early 195s. 

Dr. E. C. Bernhardt, Philadelphia Section, serves as 
Editor of this text. 

Full Time SPE Journal Editor! 

National Council authorized Publications Committee to 
study steps required for placing Journal Editorship o1 
full-time basis. 

Plans for future growth of your Journal point to th 
necessity for this move in the near future. 

PAG Group Meeting 

Charles Harper and Dan Nitzberg, Baltimore-Wash 
ington section chaired the meeting of Professional Ac 
tivities Group for “Plastics in Electrical Insulation” held 
June 13th in Boston. The meeting stressed utilization of 
plastics in encapsulation and printed circuitry. 

Minutes of this meeting are to be recorded in the 
\ugust issue, SPE Journal 
RETECS—Here to Stay! 

National Council approved RETEC schedule for the 
balance of this year: 

September 27th—Buffalo Section—“Hot Runner Mold 
ing” 

October 8th—Upper Midwest Section—‘Isocyanates” 

October 17th—Cleveland-Akron Section—“Polyethy 
lenes’ 

November 1llth—So. California Sectior 
\irborne Electronics” 

This brings to six the number of RETECS approved 


“Plastics 
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for 1957—actio ustified by the fact that as 


SPE members and guests hav ittended th 
single subject RETEC meetings sponsored by SPE Ses 
tions. 

Frank A. Martin, Cleveland-Akron Section, ¢ 
National Meetings Committee, assures National Counce 
of distribution of manual, “Procedures for SPE RETE¢ 
to all Sections by October Ist 
Book List Coming 

Robert C. Bartlett, Newark Section, sent word 
Council that SPE Education Committee is edit 
pilation of a complete list of English language books 
the field of plastics and plastics processing for pu 


n September issue of SPE Journal 


Commendation 

By National Council to Otte Wulfert, Chairman, 1st 
ANTEC, and his St. Louis Section committee, for the 
part in making 13th ANTEC, January 1957, a fine conti 
bution to the growth of SIE. 

Final report of 18th ANTEC Committee 
cepted by your National Coune 
Institute Committee 

Jerome Formo, Chairman, 
sults of Institute Committee meeting June llth in Bostor 
by reviewing the progress reports of ten sub-committes 
This group is searching to determine feasibility of estab 


lishing a Plastics Institute to fulfill industry's needs 


Councilman from New York 
G. Palmer Humphrey, Chairman, Membership Co 
nittee, solicited coope ratio. ol counecilmer 


Section activities designed to increase SPE membership t 


6400 by January 1, 1958. 


Membership Survey 


Byron Nelson, Miami Valley Seetion, head sub 
committee for developing “SPE Membership Survey 
Questionnaire.” When completed, this survey will indicat 
to your officers basi nterests and fields of technic 


competence of the membership. This data will be of assis 
unee in planning both national and local seetion prograr 
and technical activities. 

Suecess of the survey will depend on receiving con 
nen ber, Wateh ‘fe ! 
your questionnaire during the fail months, 1957 
Ad Hoc Committees 

National President Peter W. Simi nnouneced the 


formation of two ad hoe study co mittes 


pleted questionnaires from each SPE 


1. Section Election Dates Committe: 
Committec for revision of “Seetion ‘rocedure 
Manual.” 

Fred CC. Sutro, Jr., councilman from Kansas City, 
chair the Committee on Section Election Dates 


14th ANTEC—Plan Now to Attend 

Council approved plans of 4th ANTEC Commit 
tee to present 96 technical papers to the membership a 
ot» day ANTEC meeting in Detroit, January 28, 29, 50, 
and 31, 1958, 

With the continued forward progress of the industry 
this promises to be the most outstanding ANTEC spor 
sored to date by SPE. 

October National Council Meeting 

The fourth meeting of your 1957 National Coun¢ 
will be held October 10th in Kansas City, Missouri, 

Action of your National Council at its June meeting 
reflects that future growth of SPE depends upon greatet 
degree of member participation in all areas of your So 
ciety’s program 

National Secreta 


Ken Gossett 
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kidon Fiberglass 


Fort thousand square fleet of plat 
to be udded by 
| 


recently ar 


Aircraft) Division, it) was 


uneed, The new headquarters are at 
Mettles street, Los Angele 
Klectronie Plasties 
Kleetronic Plasties, Ine. a new com 
engaged extruding  higl 
temperature plasthe nsulated wire 
d the custom molding of electron 
peal na weer formed 
ere Warren | Schnur was elected 
ud t new company as president 
\ fu ine of hookup wire insulated 


th Kel-F-500 in all 14 Signal Corps 
\ be available from Eleetronic 
Sales offices for the 
ocated at 521) Fiftl 


\venue, New York 17, N.Y 


yramid Plasties 
’vramid Plasties, Ine., 554 W. Poll 


Street, Chicago 7, Illinois, has an 


uneed the addition of two new ex 


tru m machines and the expansion to 
louble the floor space previously o« 
They have become especially know: 
heir special proce which applies 
" ntinuous plastic coating on “hard 
it’ materials such as flexiblk 
tet tubing, metal, paper and cord 
thout impairing flexibility. of the 
iteria and without penetrating 
penings mm the product to be 

ered 


Manufacturing Company, 


Corroplast 
Corroplast, — Ine. 
start of operations in a 30,000 square 
foot plant at 100 Dayton Avenue, Pas 
saic, N.J. The plant chiefly produces 
extruded unplasticized rigid PVC pipe, 
duct and sheet. In the United States 
and Canada, these products are dis 


Joseph T. 


announces tne 


tributed exclusively — by 
Ryerson & Son, Ine., under the 
trade through 
their nationwide warehouse system. 


tex Omicron” name, 


Wabash Grows 

An additional 45,000 square feet of 
production and warehouse space will 
be added to the existing 15,000 square 
feet plant at Seymour, Indiana, by the 
Wabash Rubber and Plastics Corpor 
ation, it was announced today by 
Charles A. Wyman, executive - vie 
president of the H. O. Canfield Com 
pany of Bridgeport, Connecticut, the 
parent organization. The ground has 
building 


already been broken and 


started, 


du Pont Expands 

The Du Pont Company today an 
neunced plans for a major expansion 
of its facilities at the Washington 
Works, Parkersburg, W. Va., for pro 
ducing “Teflon” fluorocarbon resins 
the third since 1950 when its first 
commercial unit began operation. Pro 
duction of all four commercial tetra 
fluoroethylene granular 
powders, “Teflon” 1 and 5; the fine 
powder, “Teflon” 6, and the aqueous 


resins, the 


dispersion, “Teflon” 30, will be in 


creased. 


Gering “Polyeov'r” Is New Produet 

‘Polyeov'r’, a new development by 
ring Products, Ine provides a 
ready low cost answer to problems of 


utdoor torage of materials and 


equipment. As illustrated, a giant tent 


is quickly formed on the storage site 
from a flexible polyethylene tube 40 
feet in 
capacity to cover and protect full 
truckload of material 


circumference. It has the 


The illustration 
shows use of “Poly 
cov'r” to protect 
24,000 pound truck 
load of plastic mold 
stored 

skids 


and occupying S800 


Ing powde) 


outdoors on 


cubic feet of space. 
“Polyeov'’r” is pro 
duced by Gering 
Products, Inc., Ker 
ilworth, New Jersey, 
from virgin pols 


ethvlene resin. 


Popular Fiberglass 


In order to Keep pace 


With Its eN 


panded volume of business 
Fibreglass Products Corp. has moved 
from East Northport, L. lL. to large: 
quarters in Copiague, L. |. it was ar 
nounced today by Walter Elterman. 
president of the company. 

Popular Fibreglass Products Corp., 

wholly-owned subsidiary of Popular 
Plastic Products engaged 
solely in the fiber glass reinforced 


Corp. is 


plastics field. 


Mol-Rez Sales 
Sales of the Mol-Rez Division 
American Petrochemical Corporation 
PLEOGEN 
handled in the Eastern area by Kish 
DeLorme Eastern 
located at 219 DeGraw 


neck, New Jersey 


polyester resins will be 


Resin Sales, Ine 


Avenue, Ten 


Moisture Free Nylon 

Virtually moisture-free Plaskon ny 
lon molding compound ready to use 
directly from its shipping container, is 
now available from Barrett Division, 
Allied Chemical & Dye Corp. 

The new can, available in 25-lb. size, 
is hermatically sealed and offers a 
new convenience of reclosure. The en 
tire filling operation is performed it 
an inert atmosphe r 

This innovation in package plus the 
atmosphere-protected packaging pro 
cess for the first time eliminates the 
in-process drying operation customar 
ily encountered with conventionally 


packaged nylons, 


Epoxy Price Down 

Recent economies in manufacturing 
and expansion into new markets have 
made possible lower prices for two 
Shell 


epoxy resins, Epon 562) and 
Kponite 100, according to G. W. Hul 
drum, Jr, manager, Chemical Sales 
Division, Shell Chemical Corporation 
Drum these resins have 
been reduced from $1.55 ‘Tb. to 


$1.15 lb., effeetive April 15. 


prices for 


Test-Bridge for Plastics 

\ test bridge designed specifically 
for measuring dielectric properties of 
sheet plastics such as bakelite, Teflon 
and polystyrene, and for analysis of 
the electrical performance of oils and 
other liquids has been announced by 
Federal Instruments, Industrial Pro 
ducts Division of International Tele 
phone and Telegraph Corporation, 100 
Kingsland Road, Clifton, New Jersey 


Color Dispersions 

Special Formacolor LP dispersions 
for injection molding and Unicolor LP 
dispersions for extrustion of linear 
polyethylens have been developed 
Westchester Plastics, Inc., Mamaro 
neck, N.Y. Because of the wetting 
characteristics of linear polyethylene, 
generally used dry colorants have a 
tendency to form agglomerates. West 
chester mixes the colorant in a linea: 
polyethylene base to form master 
batches which can then be extended 


the molde? extrude) 
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Men in the News 


\ Kleppingse To ecter The ntnie ( 


Hastie produc - por l Mveale nd Met j | 
Re ( porat America, according ecring Deal ouneced DV 
ad ( Te rn? incement Jerome Ta shot ! \ He " 
istabl ‘ . t President t rear tior M rect nee 1947 
to Z0 cvcie t Nleppinger, i een Assistant t Prot ol Winding \ wees 


ime complete charg. lope Fisk Johnson Prof Indu 
four-inch diame Jersey vant Synthetic Mica Professor Winding 
tu \ ‘ { uid flow 
He ithe hook 


Santay Engineer 


s. G. Spivak nnounes 1) ntman? f Dat 


of metalworking eaquipme: Sidney G. Spiva u ee! an ertey to ine nev created 
Complete } Manage M fing Opera 

th | R | cag el 


Low Pressure Ethylene 
Allied Chemical & Dye ¢ 


menced commercin 1) lu 
new form of low-pressure oly 
ene re Vit ) 
Cul Lite ! ( 
of polvethyvle ‘ 
Vet pr duced 
New Thermocouple 
new “super-clad” 
Which generates greater « 
put than standard thermocouple 
een developed by Gra nf 
1) Robert 
trols Compat 
The new thermocou 
nterchangeable o1 tandard p 
vas designed to eliminate se 
caused | ‘ tage 
to Insure positive roub on 
wtion 
niorn 
Furthe — James L. Eyre is new sales re Whiting N. Shepard is manage 
thermocounbl presentative bap Plaskon mold ng Plaskon mo ding compound 
juest from Grayson Contro |) mpounds for The Barrett Cx ales tor Barrett Division. Allied 
Robertshaw-Fulton Cont ( year Ltd. Toronto. He w cover the Chemical & Dye Corrs New 
Long Bene » Cahfor Montrea snd Toront district York 
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|) 
1) ere \ how 
| 
‘ | 
dl 
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ndustrial 


iterature 


(,ood Custom Molder 


\ new on plasti manu 
wture Custom Molded Plasties fon 
Indust ha heen made available 

Kleetrie Product Ine. 

Featuring the theme “What Makes 
d Custom Molder?” the 12 

et includes illustrated sections on 

ding facilities, finishing and as 
embly of components, research and 
evelopment and quality control 
(haptes on injection molding, com 
pore mn molding, and transfer mold 
ng t examples of automatic equip 
nent used rm othe molding of thermo 


plastic and thermosetting materials at 


Syivania newest plastics manufa 
turing plant in Warre) the most 
nodern of its kind in the world. 
(uston Molded Plasties for lh 
dustry” available from Sylvania 
Keleetriec Products Ine., Warren, Pa. 


Machining Stainless Steel 


\ new pocket-size lide chart on 
enil nie ster Is ims now 
lable from The Carpenter Steel 

( pany, Reading, Pa. This handy 
ome 9-%"x4-% and 
ontan i wealth of the latest infor 


ition on how to machine the popular 


side it 


nless. On one 
es concise data on turning, drilling, 


grades of stat 


tapping, threading, milling and ream 


ny operations. It tabulates speeds 
ind feed und gives special notes 
drilling, tapping, lubrication and 
velding. The other side of the chart 
TES relative workability of stain 
teel ! wide variety of oper 

ition neluding blanking, deep draw 
ng, stamping, forging, heading, roll 


thre iding, welding, etc, An inserted 


lide moves to show, at a glance, the 
whining data desired. Inquiries 
iy be directed to: The Carpenter 

Steel Company, 3042 West Bern 

Street, Reading, Pa 

Plant Maintenance 


expanded line of 
materials, 
Adhesives Depart 
Borden Company's Chem 

s offering a descriptive 


To introduce its 
Miacco plant maintenance 
the Coatings and 
ent of the 


cal Division 


folder to plant engineers and main 
tenance men. 
\ postage-free postal Is provided 


detailed 


or obtaining application in 
formation and price scales. Write the 
jorden Company, Chemical Division, 
matings & Adhesives Dept., Middle 
Ne \\ Jersey 
fy 


Polyethylene Tips 

“Polyethylene Processing Tips,” a 
nine-page illustrated and handsomely 
bound file folder, has just 
issued and brought up to date by U 
S. Industrial Chemicals Co., Division 
of National Distillers Products Cor 
poration, 99 Park Avenue, New York 
16, New York. 

Information is included on the 
polyethylene resins for such 
applications as molding, extruding, 
electrical, film, coating and specialty 
Material on the effect of three 
resin characteristics density, 
distribution, 

on polyethylene 
properties is also presented together 
with data on the twelve different types 
of Petrothene polyethylene 


heen re- 


selec 


tion of 


uses, 
and 


molecular weight 


molecular weight 


resins, 

Copies of the file folder of “Poly 
Tips” are 
from U. S. Industrial 
Chemicals Co., Division of National 
Distillers Products Corporation, 99 
Park Avenue, New York 16, New 
York. 


ethylene Processing avail 


able on request 


Acrylic Emulsion Paint Technology 

‘Basic Concepts of Acrylic Emul 
sion Paint Technology” is the subject 
of a new 12-page brochure offered by 
the Rohm & Haas Company. 

Less technical than the company’s 
“Progress Report No. 3” on 
acrylic paint, the new booklet is based 
lectures prepared by 
for the University of 
paint 
technology. include 
a summary of the development of 
water-thinned paints, the technology 
of aerylic emulsions, acrylic paint 
formulations, manufacture of acrylic 
paints, equipment used, application to 
surfaces, properties 
equipment 
types of sur 


st) page 


on a series of 
Gerould Allyn 
Florida’s recent 


short course in 


Subject s ered 


various types of 


of aerylie used, 
application to 
properties of acrylic paints and 
exterion 


paints, 
various 
faces, 
a general 
acrylic coatings. 

The brochure is available 
Rohm & Haas Company, 
Square, Philadelphia 5, Pennsylvania. 


discussion of 


fron 
Washington 


Water Purification 
catalog-type 
illustrating 


informative, 
discussing and 
ion-exchange water purifi 
and equipment is 
currently being offered, without 
charge, by Enley Products, Ine., 1236 
Rroadway, Brooklyn Si, New York 


A new 
brochure 
Impros ed 
cation techniques 


How to File Plastics 


Plasties Filing is a two 


page article 
with aspects of the filing of 
ind or soft, and laminates. 
the Nicholson 


Providence 


dealing 
Plasties, hi 
It is available 
File Co., 47 


free fron 


Acorn 


Drying Ovens 

“Bulletin 157”, a 16-page 
just issued by Young Brothers Com 
pany illustrates and describes Young 
Srothers complete industrial 
ovens for baking, drying, curing, and 
reference, the 
describing 


booklet 


line of 


heat treating. For easy 


bulletin contains sections 
hatch ty pe ovens, conveyor ty pe ovens, 
and heating 


control and 


various air recirculating 
systems available, and 
safety equipment. Copies of Bulletin 
157 may be obtained by writing Young 
Brothers Company, Department B-19. 
1831 Cleveland 13, 


Columbus Road, 
Ohio. 


Metal Putty 

\ four-page illustrated bulletin. re 
published by the Smooth-On 
Company — describes 
aluminum-filled 
These pro 


cently 
Manufacturing 
their A2 
epoxy resin 
ducts are designed for use in the air 
metal-working 
repair or 


series of 
compounds, 
marine, and 
and for any 


craft, 
industries 


maintenance activity requiring a 
chemically-stable, non-shrinking, and 
nonflammable putty with good adhe 


sion to iron, steel, aluminum, wood, 
glass or ceramics, 

Metalset A2 
available upon 
On Manufacturing Co., 572 Communi 


Avenue, Jersey City 4, N.J. 


Bulletin Is 
from Smooth 


Series 


request 
paw 


Phenolic Resin 

Durez 16274 phenolic molding com 
pound is the a pamphlet 
newly published by Durez Plastics Di 
vision, Hooker Electrochemical Co., 
North Tonawanda, N.Y. 

The new pamphlet, entitled “Durez 
16274 Natural,” lists complete phy 
sical properties of the compound, in 
Recom 


subject of 


cluding special properties, 
mended molding equipment, preform 
ing, preheating, mold temperature and 
curing time are briefly, 
Finishing operations and shelf life of 


discussed 


the material are also treated, Copies 
of the file-size booklet may be ob 
tained from Durez Plastics Division, 
Hooker Electrochemical ‘o., Walek 
Road, North Tonawanda, N.Y. 


Plant Equipment 

Injection Molders Supply Co. 
pleasure in presenting an advances 
copy of a new 48 page 1957 Plant 
Equipment Catalog for the Injection 
Molden 

IMS has confined its presentation 
mainly to standard stock items of its 
design and for manu 
facture ready for immediate shipment 
stock. Write to IMs, BH14 Lee 


Cleveland 20, Ohio 


takes 


own exclusive 


trom 


Road, 
JOURNAL, July, 1957 
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| AROUND THE WORLD 
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UNITED STATES BRAZIL 
MATERIALS & METHODS REVISTA BRASILEIRA de PLASTICOS 
May 1957 January, 1957 
Abstractor: Leonard Buchofl Abstractor: Louis A. Helwich 


Polyamide Protective Coating 
E. Floyd 


Coatings of nylon, vegetable 


What You Should Know about Polyethylene. Pages 4-6. The story of polyethy 
ene I brief Its development, physical nnd chemi il propertte i 
ith other plasties, electrical properties, and characteristics of some 

polyamides, and thermosetting alloy 
of epoxy or phenolic resins with poly 

amides are deseribed. These films ar 


resistant to abrasion, weathering February 1957 


chemicals, solvents and heat Review of Brasilian Plastics Industry in Figures. Page 36-38. 
Selecting Silicone Rubbers Part | 
L. Kilbourne, Jr... A. S. Kidwell 


New Investments 
and I. S, Voroney 


The six types of silicone rubber are Value Invested Production 
(1) general purpose, (2) extreme low Company in US. Dollars Capacity in 
temperature (3) extreme high tem] Product Name tons per year 
erature (4) low compression set Stvrene C. BR. Estirene 000 » 
high tensile—high tear and (6) fluid Bakol O00 
esistant. The properties and compo Ethvlene Refinarv of 
sition of each type are given. A basic ; . 

discussion on the variation of prope! 

Polvester Marco is 19 
ties with molecular structure and ad Mare pli 
ditives is presented Polyvinyl Eleetro-Clor 1.000.000 

(Chloride 

Methanol ind 

Korn aldehyad \ lb: 

Polyan ides Rilsan 
JOURNAL OF APPLIED PHYSICS Viny) Acetate Rhodia 1.000.000 NT 

Aerylic Resins Dentaria Bra 

May 1957 yr 
Potal $22,150,000 tor 
Abstractor: J. ©. Stansel 
End Corrections in the Capillary Flow Imports of Resins and Plasties 

of Polyethylene—F. Bagley 1953 1954 1955 

This article covers work aone | CTill June) 
explore the relationship of the et 

ons 
correction the Capillary flow 
Urea resi VOD 696 22 975 
polyethylene and shear rate and als py . 

to determine the magnitude of t! 0. 
end correctiol Melan ine resit 22.245 

The author used a gas operate Polyethylen 157.405 
iscometer and worked with poly Vinyl resins 1.892.277 
ethylenes of a me It index of to 7 Acrylic resins 15.540 POU BOR 1? PHY 
The capillary was a drilled tool ste Cellulose acetate 619.209 512.100 gy OO) 
cylinder with varying radii of .02 Celluloid sheets 41.482 193.780 
to em. I inates non-specified 123.880 140.8 

Results obtained indicate that cay 
Other 13.111 122.660 167.620 
llarv corrections can be calculate 
for polyethyle nes using Stal lal | pore 
cedures for Newtonian materia Pot 1.468.611 ton tor AGA 
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Brazil—con't. 


(ementing of Plasties, | Jeanne 
ne formaldehwee condensate 


Volyvinyl resin pastes. Otto Lest 


| I} tory | ol 
reviewed. New di 
per ! tub er yiuinst 
hiekel d otfeet of is pl 
cizers and secondary plasticizers 


Modern Formaldehyde Plant Instal 
led in Sao Paulo. The German. fir 


K | cher of Berlin nstaliing 
‘ formaldehyde production unit for 
| wit \. in Cubatao which will 
t neu procdtuet te 
ter 


March 1957 


Low-Pressure Volyethylene to be 
manufactured in Brazih VPage 7 The 
rbwerke Hoeehst A. G. to 


ether the Americar W 
& i joint project 

pliant te produce pore in 
polvethwler | 


Cementing of VPlasties. Jeunes 


wd. Continuation of 

Vontheth ulhesive 

mre ent thern pla tice ce 
ent (VIN cellulose compounds, 
ervite ‘ enting 


House of the Future: Page SS-0, 
\ prefabricated plastr house the 


Ver tw ov priced famaly nouse 


FRANCE 


INDUSTRIE Des PLASTIQUES 
MODERNES 
Abstractor: Hans Maver 


April, 1957 


Protection of Floor Coverings 


( 


rritve produet ive brave 
protect md extend the 
te ind plastie floor tile 
t ha ind tl it | applica 
to t itistact beeaus 

tary proper \ 
idhere t the tile and \ 
} The CASO! for tl 
insatisfactory performance the 
i init plastics ett the pla 
c tile It w eact with the coat 

i t! coat toy cone fy 


Uses of Polyamides 


hie eplace ent t mac ed oo 
issembl pa by 
plastic nit is Trequently caus 

by the possible savings in cost. Ir 
The Cuse tf molded polvamides (Ny 

md the iso is frequentiv the 


his tality i intaye ay} 

trent ither high heat resistances 

‘ ance to a { ‘ imbe of sol 

ert ‘ stances ind abrasio 


GERMANY 
DER PLASTVERARBEITER 
March 1957 


Abstractor: Leo Fischer 


Transter Molding Technique for Ther 
mosetting Compounds —Hermrich Spi 
\ detailed article with numerous 
lrawings deseribing the technique of 
compression molding by injecting th 
resin into the mold rather than load 
ing the mold. This is especially de 
able when the molding compound 
heavily loaded with fibres or shred 


fea particl of textiles, asbestos 
vood waste The decisive factors are 
the shape and cross section of che 
nozzle and the pressure various 4 
istrations and drawings are 
ented 


Polyester Moldings with PVC Coat- 
ings J. Condenhove-Kalerg 


his prer deseribes a method used 


by International Business Machines 


! producing housings that are 
mooth, pit) free and veadily paint 
able. Since polyeste vlass fibre is 
ised this has always presented diffi 
culties \ woolen felt is laminated 
toa PVE heet. The wool having ex 


cellent adhesion to PVC as well as 
polyester has ved thre problem, The 
equipment and technique is ful 


cribed 


How Does One Caleulate Costs? I 
Lae 


This article discusse methods and 
calculating production 
costs, protits and estimates. Examples 


if standard cost sheets are given. The 

ter especially warns against the 
method of at Ving at costs on a cents 
basis Hh also advises 
standard ecords for each mold and 
piece of equipment for tax amortiza 


\ New Method for Joining High 
Pressure PVC Pipe G. Isidore 

Since PVC has a high coefficient of 
expansion, diffieulties are met in 
oining pipes subjected oOo pressure 
\ jomt consisting of two conical stee 
flanges deseribed The pipe itself 


t hve s| Coniea at the 


\ pra ! As the t 


conica lianges are pulled togethe. 
Witt holts the packing is tightens 
ava st the 1] f the pipe and sine 
t is flexible it expand and cor 


tract with the PV¢ pipe There is no 


contact betwee the iquid the 
steel flange the gasket The articl 
vel] 


The Effect of Energized Radiation on 
High Polymers Dr. Dieter Heinze 

This presents a discussio 
ind evaluation of the status of en 
ergized radiation on plasties. Whet 


adiating high polyn saa change ol 
the molecula nks takes place by 
building the chan tructure in oa 


manner not possible with other tee! 
ques. Electrons have eifective pene 
tration only if the plastic is exposed 
m all sides. Neutrons are entrapped 


by the atom in various ways. In the 

ease of hydrogen, deuterium (heavy 

hydrogen) is formed Ultra-violet 

avs can change the connecting links 

n high polymers but the penetration 
quite limited and shallow 


The simplest method of generating 


Lio? to ON Pose electrically 


charged particles in a vacuum to a 
high tension electric field. Various 
types of equipment are deseribed, the 
variation consisting chiefly in) meth 
dds of attaining the high tension field. 


Generally the effect of adiation§ ts 
that a hydrogen o hydrocarbon atom 
lisassociates and forms radica 

These radicals have a strong tendency 
toward saturation This saturation, 
ecurring everal Vays, ofte 
causes stabilization and improved 
qualities. th adiated polyethy 

ene the molecular chan Is weakly 
inked which wives tau low melting 
point and a wide solvation” range 


With deep radiation the melting point 
aised to 150°C and. still re 
main elastic. However, oxidation and 
legradation takes place and a stabi 
ize is still needed and would be 
vorthwhile developing. Nevertheless, 
ich a product ha isc Where steam 
sterilization, eleetric nsulation and 


steam piping are required, Of course 


radiation must be performed afte 
forming, as polvethvlens loses ts 
thermoplasticity. To obtain a chan 


ength cquivalent to polyethylene in 


polystvrene a dose one h indrved times 


that of polyethylene must be used 
Only where a high resistance to radi 
ation is ealled for would irradiated 


polystvrens be any use 

In natural rubber, radiation greatly 
hardens the material. acrylics radi 
break in the molecular 


“ution causes 

chau Some polymers can 
copolymerized, uc! is Styrene and 
reflon, by irradiating, then dissolving 
! thre ina heating and co 
polymerizing with a catalyst. Gener 
iy the cost of irradiated plastic 
produet two to three times hat 
f ordinary plast ne not ver 
rst 
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KUNSTSTOFFE 
April 1957 


Abstractor: Anne Schwend 


Novodur—?P.. Sclineider and 

\ release on experiences gained 
vith Novodur, a new plastic materia 
ntroduced 18 months ago Dy Farber 
fabriken Bayer A. G., a compound 
the basis of butadiene, styren 
icrylonitrile co-polymers, a particu 
aurly tough material of low notch set 
sitivity, high shockproofness and we 
destined for large S1Zt parts. Con 
ponents were chosen at such ratio ~ 
to allow processing by all sorts 
existing machinery. Thermal prop: 
ties: thin-walled bottles did not show 
iny deformation even after seve. 
veeks” exposure to 80° C (176° F.) At 
temperatures between 0 and -10° ¢ 
(32 and 14° F.) mechanical propertic 
relax, but ar still higher thar 
those of comparable plasties ut roo 
temperature. Novodur is not suited 
for electrical insulation, but very we 
for a big number of parts in the low 
energy, radio and tele-communication 
fields. Concentrated mineral and 
panic acids decompose ol swell ip 
Novodur, the same as many solvents, 
vhile it resists concentrated or dilut: 
ilkalies as well as dilute acids. Sto 
in water causes slight increas 
n weight (about 1.2% at 20°C.) 
\nti-oxidizing agents, added already 
ipon production, stabilize Novodul 
against turning yellow and embrittl 
ment. Non toxicity has been stated. A 
report on processing methods and po 


sibilities of application follows 


Plastics in Foodstuff Packaging // 
Berge) 

Subsequent to the investigations o1 
the suitability of plastics for food 
stuff packaging discussed in the Feb 
uary 1957 issue of Kuntstoffe, th 
theme is now discussed under the 


aspect of toxicity. Pros and cons and 
strict differentiation between hig! 
molecular plasties and additives, and 
ow molecular auxiliary and filling 
materials are laid open to the publi 
as a contribution to the German la 

on foodstut® packaging under prey 


“uration 


PVC Pastes and their Adhesion to 
Metal Surfaces H. Koch and WM 
Sommer 

This paper, presented at the Oc 
tober meeting of the Swedish Plastics 
Association, reveals results of invest 
vations of the viscous reactior 
PVC pastes obtained with a torsiona 
viscosimete! built by Farbwerke 
Hoechst, establishing a shearing 
stress loss of speed diagram or flow 
curve and giving much informat 
m the structural viscosity, flow lin 
ts, thixotropy, dilatance and rhe 


peNXia It was stated that plast:so 


\/ 
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firmed by similar tests by U.S. and 
enc! specialists The paste Visco 


sity s further influenced by the vis 


cosity proper of added plasticize 
ind their gelatinizing capacity. Suit 
gelatinizing temperatures an 
cycles will produce plastisol and o 


vyanosol coatings of maximum mec! 
anical strength. Tests to apply suel 
Oatings also » tron and aluminun 
showed that only a lot, solution of 
a vinyl-chloride vinyl acetate co-poly 
er holding carboxylic groups serves 
as adequate wash primer. While not 
pigmented coatings sufficed for smoot! 
surtaces, pigmented solutions vielded 
toughe films and henee better ad 
hesion. It was thus possible to apply 


PVC coatings evel to vlass irfaces 


Methacrylate Compounds for large 
parts Kalkhot - Rose and W 

Based on experiences gained in pro 
cessing polymer monomer methacry 
lute compounds n the dental fie ld, a 
thermosetting compound of long shelf 
ife was developed for the production 
of large parts at temperatures as low 
as 90° C (122° F.) and relatively 
short polymerization cycles, To ob 
Viate quick polymerization of sucl 
polymer, monome compounds mixed 
with redox systems, two compounds 
ire supplied, one of them holding the 


nitiator, the other the accelerator, 


which are fed into a mixing mill at 
a ratio of 1:1, rolled under friction 


at room temperature and the obtained 
felt put into a steel mold after two to 
three minutes for molding. Finishing 
ff parts tis seldom required; cutting, 
sawing, cementing, welding and pol 
shing of parts is possible. Parts are 
resisting all dilute acids Ives, 
fats, oils and climatic influences, bu 
not organic solvents of higher cor 
centration. Their main feature is the 
absence of internal stresses Asi 
from methaecrylates, also acrylic 
sins, styrene, vinyl and its co-poly 
mers may be used as long as they 
ibsorb monomers during swelling and 


is form a plastic mass 


1956 Annual Report of the German 
Standardization Committee for Plas- 
tics 1. Hoechtles 

Report on German standards issued 

1956 in all fields of plast cs con 
pounds and their utilization, partly 
based on recommendations worked out 
by the Technical Committee ISO TC 


“Plast 


Possibilities of Automation in’ the 
Plastics Industry 

Otto Winkler Chemiseche 
Werke Huels gives a survey on the 

story and development of processing 
techniques and equipment in the chen 
cal industry which culminates in the 
statement that the third phase of 


stoma reached nh many a 


mtimun n economy feasible for son 


time to conn A cle scription of severa 
automatic production plants for chen 
cals and plasties, such as suspenst 
PVC, follows 

Pensile Strength and Elongation over 
Short Periods of Rigid Thermo-plast 
ies—H. Peukert and A. Kleine-Alhe 


\ comparisol ot the tens 
strength and elongation values meus 
ired fot litferent thermopla 
tics makes t advisable to Stiputats 
the constant rate of oud ncerease 
Within the elastic ange for all ma 


terials in order to ‘ iably determine 
thre etTective mechanica Sstrengt! 
properties and extension of the vi 

point Adopting this principle, a 
materials are tested unde inifor 
internal toughness conditions Phy 
esistance of a material to an exter 
nal load applied at ncreasing spe 

esults as reference magnitude 
voverning principle is, hence, the ca 
pacity of withstanding the load rathe 
than the stretching whiel esults 
The influence of different modu 
elasticity on various plastics at roo 
temperature as Well as at elevate 
temperatures is) simultaneously elin 
inated Furthe contributions sha 
deal with dependence on temperaturs 
and period of exposure as well as wit 
the internal elation between na 


vidual testing methods, f tensile 


est. bursting and impact tests ete 
n order to reduce the number. of 
standardized tests for obtaining valid 
nformation on the properties f 


material 


Influence of Plasticizer Concentration 
on its Volatility from Plasticized PV¢ 
Nol 
Plasticizer volatility is low at no 
mal temperatures, but upon exposut 
if PVC compounds to elevated ten 
eratures certain mathematica rite 


elationsl ps om the hardening of thr 


plastic material cat be observed a 
eady after short periods It wa 
stated that a loss i plasticize 1, 
pendent upon the concentration use 
nthe basic con pound ana that 


litfers with the kind used. Investiva 
tions comprehended polyvadipate, tt 
kresyl phosphate, di-octy!| phtha ate 
linonyl phthalate and Mesamo \ 

atility was lowest with polyvadipate 
and hiwhest witl Mesamo lest 


esults confirmed previous findin 

that the elative loss I plasticrze 
nereases the small the plasticiz 
molecules are; further, that the ‘ 
lative plasticize volatility ncerease 
with the concentration in the basi 


compound (PVC di-ocety! phthalat 
rolled for 15 min. and PVC dino 

phthalate), that the plastieize vola 
tility is independent of the concer 


tration (PVC. polyadipate, PVC d 
cetyl phthalate with 7 min ollin 
time and after use for 2 weeks), a1 
that volatility will decrease (PV 
Mesamoll compounds) f the plast 
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Kunststoffe—con't. 
content increases. It is assumed 
suct observations m i\ 
<plained by the bonding prope 


hetween PVC and plasticizer sr 

it, in reality, plasticized PVC does 
nsist of different phases of PVC 
Nasticizer blend, pure PVC and pure 
plasticize The relation between sucl 
phases may possibly be altered by the 
amount of energy put in for proces 
ng (velatination) until an equilt 


a un has been established. 


The Eukolloid/Plasticizer System 
/ nius and EB. Schroeder 


The use of various liquids, differing 


is ft lipole moment and chemical 
structure, as extracting means fo 
ikolloid plasticizer systems convine 
d othe authors that plasticizer is 
resent in these systems in different 
phase Part of the plasticizer is 


bonded pretty firmly to the eukolloid 
vy secondary valences, another part is 
present n the solvated molecule sui 
fuces Oo n the exterior sphere of 
the solvation complex. The bonding 
strength of the plasticizer is inversely 
proportional to the length of the plas 
ticizer molecule or the critical lowest 
temperature at which the polyme 
solvates in the plasticizer. It results 
that systems known in the form of 
films, sheets, tubes or any othe: 
form, consisting of high polymers 
plus plasticizer, do have a structure 
constitutionally dependent upon the 
plasticizer which is variable through 

ocessing methods and molar rela 


tions! iy) 


Injection Molded Polyamide Parts of 
Uniformly Fine Crystalline Structure 
EF’. Foerster and B. Olsen 
Dissatisfied with the mechanical 
properties of injection molded tech 
ical parts from normal poly-capro 
actan showing a heterogeneous 


crystalline structure and an apparent- 
y inevitable amorphous border zone 
nm contrast to parts machined from 


semi-finished block material, the Bad 


sche Anilin- und Sodafabriken de 
veloped “Ultramid BMK” which al 
ows production of completely crystal 
ized injection molded parts of uni 


formly fine erystalline structure and 
vithout amorphous border zones. To 


achieve this end the temperature of 
the mold has to be kept between S80 
and 120° C, (176 and 248° F.). Parts 


from Ultramid BMK can easily be 
ejected at elevated temperatures with- 
it the help of lubricants. Due to a 

higher setting speed in comparison to 
mal poly-caprolactam, the injec- 

ion eyele is faster for Ultramid 
BMk. This material also guarantees 


freedom from internal stresses fo 
parts if properly processed. 


Extrusion of Methacrylates—F. 


hy 
Premises for the extrusion of meth 
icrvlates into plates or corrugated 


lates and suitable designs of ex 


(| «dies are discusse: 


Elastic Behaviour of Polyamides 
Practical Evaluation of 


dmann 


Common and differing properties of 


polyamide and polyurethane parts ar 
uxtaposed and their moduli of elasti- 
city and dynamic loss factors thor 
uughly investigated under varying 
conditions. Examples of practical 
utilization of test results are discuss- 
ed and hints for evaluation are given. 


Practical Handling Methods for Low 
Pressure Polyethylene Semi-Finished 
Products—W. Rottner 

Welding techniques as developed for 
low pressure polyethylene during the 
past two years and suitable equip 
ment are discussed and deseribed., 


* 


KUNSTSTOFF-RUNDSCHAU 
April 1957 


Abstractor: Leo Fischer 


Characteristics of Polyethylene and 
Other High Molecular Polyolefins 

Hano Hagen 

This article concludes a very thor- 
ough discussion of polyethylene and 
other polyolefins. The work of GE 
and Grace & Company is outlined in 
regard to radiating polyethylene. It 
is suggested that the best use for 
such unmeltable polymer would be 
pipes. The comparative molecula: 
structure of the five types of poly- 
ethylene are described as well as the 
spectroscopic picture and the crystal- 
line structure as observed in the 
electromicroscope. The effect of ery- 
stallinity on physical characteristics 
of high polymers is discussed, For in- 
stance, an amorphous polymer like 
styrene is very much less elastic than 
crystalline polymers like polyethylene, 
Teflon, Saran and Nylon. Anothe) 
result of increased crystallinity is 
vreater heat resistance, greater hard- 
ness and increased modulus of elasti- 
city. Many current applications of 
polyethylene are described as well as 
their limitations. A summary of poly- 
ethylene plants throughout the world 
is given with type of production and 
a total world production of two bil- 
lion pounds per year is estimated for 


Fabrication of Plastic Film with High 
Frequencies——Hans Klinzer 

This article gives the various tech- 
niques used in high frequency fabri- 
cation. Various types of equipment 
used and built in Germany are de- 
scribed and illustrated. 


Epoxies in Patent Literature—l)r. G. 

This is the concluding article in a 
series on epoxies. Foamed epoxies are 
lightly touched upon. Epoxy mixtures 
with phenol aldehyde resins, melamine 


aldehydes, and methods of producing 
them are described. The chemistry of 


epoxy lacquers and various modifiers 
are discussed. Polyester resins in con 
junction with epoxies as well as 
epoxies and organic. silicon com 
pounds are evaluated. The article con 
cludes with a long list of various 
mixtures, copolymerizations and modi- 
fications of epoxies and their applica 
tions. Extensive references to the 
respective patent literature is given. 


West German Uses for Metallic Soaps 
in Stabilization of PVC.—l)r. Rosen 
thal 

The oldest stabilizers such as lead 
carbonates, basic lead sulphate, lead 
and cadmium stearate are still th 
most widely used in West Germany. 
However, many derivatives of fatty 
acids are also used, especially deriva 
tives from laurate, caprinate, recino 
lates, salycilie acid as well as phatha- 
lates. The derivation process is gen 
erally simple. To the organic salts in 
water phase and at high temperatures 
are added water soluble alkali salts 
and this is added to a water soluble 
metallic salt. The metallic salts pre 
cipitate, are filtered, dried and pul 
verized. In wire coating lead stearates 
are still the best. However, recently 
barium-cadmium soaps have been 
widely accepted. For extruding PVC 
cadmium soaps, especially in com- 
bination with nickel or zine, are ex- 
cellent. The disadvantage of lead salts 
is in situations where sulphur is like- 
ly to be in contact with the product. 
Generally a good stabilizer should add 
heat resistance, moisture resistance, 
have no odor, be nontoxic, be trans- 
parent, be readily dispersable, have 
good dielectric qualities and be low 
in cost. Such a single stabilizer has 
not yet been found. 


Thermal Properties 
of Laminates 


Data on the thermal properties of 
several plastic laminates, foam cores, 
and sandwich panels are presented in 
an Air Force research report just re 
leased to industry through the Office 
of Technical Services, U. S. Depart 
ment of Commerce. 

Data from previous research were 
analyzed to provide engineers with the 
thermal properties of materials on 
which specific data are not readily 
available. The information is designed 
to help them evaluate plastic material 
types for structural use at high 
temperatures, 

The report is PB 121882, Analysis 
of the Thermal Properties of Plastic 
Laminates, Cores, and Sandwich 
Panels, R. F. Trapp, Wright Air 
Development Center, Jan. 1957. It 
may be ordered from OTS. U.S. De- 
partment of Commerce, Washington 
25. It contains IS pages, price 50) 


eents, 
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Cleveland-Akron 


188 Go On Plant Tour of 


Charles P. O'Donnell 


Vonsanto Chemical Co. 


Npringntield, Massachusett 


} 


Hoover Co. 


Robert L. Larsen 


Upon May llth, Saturday night. 
about fifty wives or sweethearts came 
to the Empire Room of the Cleve 
land Hotel with their escorts for the 
purpose of enjoying an evening of fur 
and frolic—for this was the first 
spring dance attempted by this chap 
ter. 

The social hour provided the means 
for many introductions and for the 
ladies to learn and hear some of the 
trade talk. Our dinner at § PM came 
as scheduled and was followed later 
by dancing which was enjoyed by all. 

President Ed Campi welcomed the 
group and said that undoubtedly the 
next year would be bigger. Jim Jones, 
Chairman for the dance, and his com 
nittee, deserve a hand for an enjoy 
able evening. 

Monday, May 13th was a surprise 
turn-out. In place of a regular meet 
ing—a plant tour to the Hoover Com 
any at North Canton, Ohio wa 
scheduled. Over 188 
guests met at the McDonaldsville Inn 
for home style chicken dinner priot 
to the start of the tour. The atten 
dance was overflowing but well hand 
led by both the house committee and 
caterers. President Ed Campi intro 
duced Mr. C. G. Troxler, Vice Pre 
sident in Charge of Production, wh: 


members and 


Western New England 


n turn outlined what we might expect 
to see on our tour. In addition, Mi 
Troxler briefly outlined the scope o 


+} 


Hoover Company, internationally 


Upon arrival at the plant about 7:30 
p.m. Wwe were sepurated into groups 
of ten and, with a trained guide, be 
gan our tour, The tour continued for 
about two hours and various depart 
Among then 
were: Tool Aluminum Dis 
Casting, Compression Molding, Inje« 
tion Molding, and Extrusion 
respect to production, In addition the 


ments were visited. 


Room, 


group saw assembly, testing and pack 
ing procedures, Production procedure 
on special brushes and motors wa: 


also ineluded in the tour. 


Assistance to the chapter and indi 
viduals was given by Geo, Martin and 
Robert Hershey, both active in local 
and national SPE activities and as 
sociated with the Hoover Company. As 
expressed by many—it was a very 
interesting night. 


under way for the 


Plans are well 
October 17th, One Day 
Technical Symposium on Polyethelen 
to be held at the Carter Hotel in Clev: 
and. Eight speakers, all well know: 
in the field, have agreed to the agenda 
Make plans to be there. More later. 


Regiona 


New Applications for Plexiglas 
C. P. O'Donnell 


The last business meeting of the 
Western New England Section S.P.E. 
for the 1956-57 season was held May 
1. After the usual dinner, followed by 

short business meeting in the Brad 
ey Field Terrace Dining Room, the 
members heard a talk on “New Appl 
cations for Plexiglas.” Presented by 
Rohm & Haas’ Industrial Design Co 
ordinator, Mr. Alfred Blumenfeld, the 
subject matter was principally cor 
fined to light piping and the visual op 
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tics of three dimensional second sui 
parts. Mr. Edward 
Plastics) served as 


face decorated 
Duda (Holyoke 
Technical Chairman, 

In the preliminary business meet 
ng, Mr. Ray Mazur (American Cy 
anamid) reminded the members of the 
First Regional New England Tech 
nical Conference on “Plastics for 
tronies.”” (This was held June 5th.) 

The results of the Section Office 


Klections were announced. The new 


Raymond Miazu resident 

Richard Plichta, Viee Preside 
(Fuller Brus 

Duda, Treasure 
(Holyoke Plastics) 

Wesley Larson, Secretary 
(DeBell & Richardson) 


Three new directors are Blake \ 
McNeill (Fuller Brush); Armand Va 
lieres, (Prolon Plasties); Charles © 
Donne (Monsanto Chemica Con 
pany) 

In his talk for the evening the 


speaker, Mr. Blumenfeld, remarkes 


that the clearest t 


materia next 
fused quartz or diamonds was acry 
plast le Howeve r, most designers, wit! 
their experience in designing opaque 
find many difficulties in working wi 
moldable transparents. The speaker 
expressed a belief that more know 
edge of the effeet of acrviies on light 
ravs and sightlines would greatly he 2 
the designer in his work 

The major part of the discussior 
was devoted to explanation of tern 
rules of visual optics as used in cor 
hectiol with acrylic light Pipe ane 
three dimensional second urface 
decorating, and slides clarifying 
these points. Many actual sampl 
design in edge lighting, light piping 
method of attachment and decorative 
effects were interspersed throughout 
Representing the automotive, app 2 
ance, lighting and personal accessori 
industries, the samples demonstrated 
results obtained when these rules were 
put to use, 


The meeting came to a close afte 


an active question and answer period 


RISEM 
Ladies' Night Fete 


Glenn A. Tanner 


Following tradition set evera 
Vears ago, the ast meeting befor 
the ummet euson of the Risen 
section Was once again dedicated ; 
the ladies who have been so patier ; 
vith our members through the winte) 
activities, This annual Ladic 
dinner and dance was held on May eh 
16th at the Pawtucket Country Club 
About 71 couples attended ie 


The festivitic began W 


tall party Following this an excellen 


dinner of steak or lobster was served 
During the dinner, the orchestri 
furnished suitable music 

The  ladie vere presented wit 
nany favors and each one went home 
vith one or more door prize 
were donated by member firm 


Arrangements were handled by Pre 


sident Sydney Lohman, oft Lester 

Phoenix, View President Charl 

Chromes, of Hassenfeld Brothers, | : 

President Edward Rose of Plasti 

Engineering, and Secretary Howard 

Amster of Reliance Molded Product 
nine 


33 
at 
of cers ite 
Edited by 
a 
‘ai 
= 
* 
y 
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Southern California 


Panel Tells of Problems 


In Use of Plastics in Aircraft 
John A. Stahmann 


\ glimpse inte the myriad diffi 
rrounding «a plastics engi- 
neo the reraft) industry was 
fur neal at the May 2nd meeting of 
t Southern California Section. The 
penne peakers, from several aircraft 
mpunie n the area, presented a 
ort survey of their particular prob 

" These talks were followed by 
many enthusiastic questions during an 
orum discussion, 

\l Donald Moore, from Douglas 
\ireraft (Long Beach), started the 
neeting with the subject of compres 
on molding, Duets, switch boxes, ra 


domes, and honeveomb doors have 
wen made by this method. Specified 
materia must both be strong and 


temperatual resistant. Strength is us 
ally improved by incorporating glass 


In production of pleces, the 
vst matched metal tooling available 
s the most economical approach. High 

grade ste vith a hard chrome su 
face is required, Adequate die stops 
ire necessary. There must be no shea 
edges with glass laminate materials. 
Proper design is highly important. 


+ 


\ team of engineers and technicians 
are usually assigned the project at the 
ime of its inception. This group plans 
the end use, the type of material re 
quired, and the type of tooling for the 

M: Herbert Kraus from North 
American Aviation was the second 
peaker, He covered the subject of 
vonding metal structures and the use 
of thermosetting adhesives. Mr. Kraus 
emphasized that material suppliers 
had failed to visualize either the air- 
‘raft industries, needs or the enormous 
potential involved. As examples: The 
recent SAMPE Adhesive sonding 


Symposium had some S00 registrants. 
The BS5sS is an all bonded airplane, 
with over four hundred parts, some 
twelve to fifteen feet long, bonded 
with thermosetting adhesives. One 
company alone used over one quarter 
million dollars of adhesive last yea 
and had a 1:3 ratio of control to 
production people in their bonding 
operation. One military specification 
was met by only two suppliers. 

Mr. Gene Mooring from the Douglas 
Santa Monica plant spoke about flame 
and heat resistant compositions. There 
are presently three types of 3-second 
self-extinguishing plastic materials 
available. They are. silicones (low 
strength), phenolics (high strength), 
and polyesters (low heat). However, 
for low or slightly elevated (300 F) 
temperatures the epoxies would be 
satisfactory but are not self extin- 
guishing, lowering the interlaminat 
shear. Tests are made from a 4s 
tensile coupon which is preloaded and 
exposed to quartz heat elements. The 
time of failure is noted and used to 
plot a stress-strain curve. 

Targets are: 

RT-300°R 00°F 


Flexural O00 O00 
Khdge-Wise 

Comp. 55 000 60 000 
Tensile 50 000 60 000 


Interlaminat 

Shear 2) O00 15 000 
Retention of 

above at 

Temp. TOG (200 hrs) 

Missiles will be required to with- 
stand 5000 F for ten minutes and on 
30,000 F instantaneously! 

Mr. Blair Manire, of Northrup, ex 
plained his departments’ material 
evaluation program, based on Phy- 


Southern California Panel on Aircraft 


Left to Right— Blair Manire, Northrup 
American Aviation; Leo Costanza, Douglas 
S.P.E. Section President; Don Moore, Douglas 
Douglas (Santa Monica). 


Aircraft Inc.; Herbert Kraus, North 


El Segundo); Don Hamilton, 
Long Beach); Gene Mooring, 


sical, Electrical, Chemical, Optical, 
Thermal, and Fatigue characteristics. 
Initially, the new materials are screen 
edto get limited data and show trends. 
If there are enough requests, the ful! 
treatment is given. His department 
must give data to the designer and 
then tell the shop how to use the ma 
terial in assembly and the control de- 
partment how to check quality. This 
PECOT system may involve hundreds 
of property determinations before ap 
proved sources are recommended. 
Mr. Leo Costanza of Douglas Air- 
craft talked about laminating with 
polyurethane resins. particularly 
intriguing problem was the manufac 
ture of backing boards for fuel cells 
made from high temperature resin and 
glass fabric reinforcement. After a 
year’s exposure to pulsating action in 
use, epoxy laminates developed di 
agonally sheared areas, Work was the) 
shifted to polyurethane coatings on 
ply nylon or glass reinforced parts. 
Because of viscosity, a 707 solids 
composition was necessary. Well ven 
tilated wet lay-ups are made with an 
elaborate mold separator-bleeder sys 
tem. Vacuum curing at 200°F for 2 
hours gave excellent laminates, 


Ontario 


Bouncing Putty Uses 
Harry Watson 


The fate of the bouncing putty was 
explained to members of the SPE, On 
tario Section, at their May meeting 
in Toronto. Guest speaker was Wilfred 
Lynch, Moxness Products Ine., one of 
the founders of the SPE, Ontario Sec 
tion, and now working in the States. 

Mr. Lynch explained that the specia! 
thermal and dielectrical properties of 
the bouncing putty have found many 
applications in the condenser and the 
electronics fields. Silicone Rubber 
molded on conventional plastics equip 
ment and molding pressures can vary 
from a few hundred PSI to many 
thousands of PSI. In extruding, it must 
be extruded cold. Motors wound with 
Silicone Rubber run cooler, Silicone 
Plastics molded in molds exposed to 
2,000 degrees F. have shrunk less than 
a thousands of an inch. 

Dick Buhr, C-I-L reminded members 
of the SPE annual fishing trip sched 
uled for July 9th. Participation is 
limited to 40, with reservations being 
allotted on a first come first served 
basis. 

The first winner of an SPE, Ontario 
Section, scholarship, was a_ special 
guest at the section’s May meeting in 
Toronto, He is Mr. Harry Nagata, who 
won the scholarship while a student at 
the Ryerson Institute of Technology. 
Mr. Nagata is now working in the 
plastics division of C-I-L, Toronto. 
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Central Indiana 


Preventive Maintenance of Hydraulics 
C. R. Smith 


A timely meeting of topics dear 
the hearts of Hoosiers as well as SPI 
members, was presented by represen 
tatives of the Socony-Mobil Oil Co 
on May 23rd at the Warren Hotel it 
Indianapolis. 


Mr. Charles Middleton, Industrial 
Technical Service Engineer for So 
cony - Mobil, discussed preventative 


maintenance of hydraulic systems, His 
interesting talk, and accompanying 
slides, pointed up the fact that lubri 
cation requirements differ in) many 
hydraulic systems. These differences 
can be brought about by many things 
such as operating temperatures, 
used, types of equipment 
others. The important point is that 


pres 


sures and 


good preventative maintenance pro 
gram, based on the specific recon 
mendations of a qualified lubrication 
engineer, will result in reduced ope? 


Southern 


ating 


Mr. Ray 
Charge of 


costs and less down time 


McMahan, 
Fuels and 


Special 


Kivents 


for Socony-Mobil, presented some very 


slides the 


interesting and stories on th 
cars entered in this year’s “Indian 
apolis 500 Mile Race.” Mr. 


close association with this event for 
the past 17 years has given him 
familiarity with both cars and driv 
ers known only by few. At the con 
clusion of his talk a film of the 1956 
race brought the meeting to a close. 
As in the past, no meetings ar 


scheduled for the months of July an 
August. Activities will be resumed o1 


Me Mahan’'s 


September 24th with a presentation by 


the National Automatic Tool Co. of 


newly designed automatic injection 
molding press. In the meantime, have 
a nice vacation, see you all ther 


Mass Production Techniques 
R. E. Welch and E. O. Redwine 


The regular monthly meeting of the 
Southern Section was held on May 20, 
at the Architects and Engineers build 
ing, 230 Spring Street, N. W., Atlanta, 
Georgia. 

Mr. W. B. Erb, Celanese Corporation 
of America, addressed the group or 
the subject of “Mass Production Tech 
niques in the Optical Industry.” M1 
Erb the essentials of the 
various thirty-five operations used to 
fabricate eye-glass frames, using 
slides and samples to illustrate a num 
ber of the steps. 

This industry produces more than 
18,000,000 units per year, without the 
benefit of the mass prodyction tech- 
nique of injection molding. Mr. Erb 
pointed out that the primary reason 
injection molding is not used is the 
prohibitive molding 


described 


costs involved 


Upper Midwest 


since so different styles ar 


many 
produced, 
‘lastic materials most often used in 
fabrication of frames are celluloss 
nitrate, cellulose acetate, 
tate butyrate and the 
these, cellulose nitrate 


cellulose ace 
acrylics. Of 
is used in the 
largest volume. 


During a question and answer 
period, Mr. Erb answered many ques 
specific details 
industry. 

During the course of the meeting, 
Mr. Jules Lindau III, Southern Plas 
tics Company, and Treasurer of S.P.E., 
reported on current activities of the 
National Board of Directors, 

The meeting was presided over by 
Mr. Thomas H. Hart, President of 


the Section 


tions 


pertaining to 
of operation and the 


Controls for Injection Machinery 
F. W. Brown 


The Upper Midwest Section held 
its final meeting of the season on May 
20. Mr. Paul Becker opened the meet 
ing by announcing that our member 
ship had passed the 100 mark during 
the preceding week. He than gave fun 
ther details concerning the 
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ond 


Isocyanate Symposium be 
sored by the Upper Midwest Section 
The Symposium will be held in Minne 
apolis on October &, 1957. Chairmen 
for the symposium are: General Chai 
Paul Becker, Program—Francis 
Publicity—William Everling, 


spon 


man 
Brown, 


al 


SPOOKS, 


The Ssectiol \ es ti exten 
warmest thanks to Mrs. Esther Be 
stad who has acted as our secretary 
for many years. Mrs, Bolstad is lea 
ing the section and her profession: 
duties at Minneapolis Honeywe 


introduced Mi To 
Manage) ot the ly Pay 


ision of the Hydrau 


Kirby 


Russ 


Bishop, Sales 


tion Molding Div 

Press Manufacturing Company, Mt 

Giliad, Ohio. Mh) Bishop poke 7 
“Volume and Pressure Controls for lr 

ection Molding Machinery.” He de 

scribed the characteristics of dua 

speed and conventional speed molding i 
and con pared conventional feeding, 
starve feeding and cushion feeding 5 
He explained the advantages of pr 

plasticization and where it should bx 


used and illustrated his remarks wi 


slides of various machines the 
products they are making. Mr. Bisho) 
gave an interesting and informative 

talk 


Eastern New England 


Science Fiction 
—or Fact 
Charles P. Pechulis 


\ jomt dinner meeting with the 
socrety ol the Plastics Industry, 
Boston-Providence Chapter, was held 
by the Eastern New England Sectio: 


the Maridor Restaurant 


on May 16 at 


n Framingham, Mass. M) David 

Towler, President of the section, re j 
minded the members to expedite thei ‘ 
registration for the June 14, 1957 SPI F, 
Regional Technical Conference at 
Lowell Institute of Technology, 


Lowell, Mass. The theme of the meet 


ing is to be “Plasties for Electronics.’ 

A talk Mr. 
Bartezak, head of a consulting organi 
fluorocarbon 


Was given by Crem 


zation, specializing in 
and their applications in industry, on 
the subject of 
They reviewed the differences between 


fluorocarbon coating 


polytetrafluoroethylene and poly 
chlorotrifuoroethylene. Mr. 
the methods of 


applying and areas of usage of thes: 


Bartezal 

reviewed properties, 

remarkable materials 
Mr. William Nissen, of the 


lite Company, then gave a talk “Plas 


Bake 


Fiction Practica 
Fact.”” Mr, Nissen gave a historical 1 
the Alchemist to the Che 


mist of the development of the field ee 


tics Science 


view from 


as Well as some statistics on the quan 
tities used and the areas of usage. He 
emphasized the limitations of the 
plastics materials. Many things can be 
done with 
things can he 


plastics; however, not all 


done at once by i 


plasties 


7 
B Herman, Registration B 
and Finanees—Cort Platt 
x 
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Newark 


Molded Packaging 


Robert A. White 


At the May meeting of the Newark 
Section, 84 members and guests as 
sembled to hear a discussion on Ma 
erials, Tooling and Machines for h 
jection Molded Packaging by Bennett 
Nathanson of Monsanto and also a 
resentation by Mr. Arthur Logozzo 
f Nutmeg Chrome Company on New 


Concept n Chrome Plating for Plas 


\ | et eprort Section activitie 
rececded the technical discussions 
vith interest centering on the Annua 
Section Outing. A gala day was pro 
mised for those members and guests 
ittending. Activities were to inelude 
incheon, sports activities, efresl 
ments and dinner 

The first speaker of the evening, 
M Logozzo of Nutmeg Chrome Co., 
presented the latest developments i 
th field. The highlight of this pro 
vran vas the presentation of color 
film narrated by Mr. Logozzo. 

This film evidenced the great strides 
made by Nutmeg in this most import 
ant ervice The writer cannot do 
justice to the excellence of this film 
except to reflect the whole hearted 
ucclaim of the assembled audience. 

To more effectively present his 
ews on Materials, Tooling and Ma 
chines for Injection Molded Packag 
ing, Bennett Nathanson of Monsanto 
Chemical Company restricted his pre 


sentation to the moplastic materials 


(styrene and polyethylene). 

Mr. Nathanson stated that to face 
the challenge in rigid packaging man 
ifacture, the industry requires 
finement, new methods and new ma 
terials to further develop new mat 


In the past, the main problem in 
ived in obtaining a quality piece 
vas that of consistent fill out of a 
cavities. There were several contribut 


ne factors to this condition, namely, 
nadequacy of machine to. plasticize 
apidly and slow materials and nor 
iniform plasticizing rates requiring 


arge gates and runners. Sprue and 


unnel were usually “a part of the 
old, which inereased plasticizing re 
it) ement 
Obtaining quality containers at eco 
mic ates requires the following: 


|. Direct improvement in materials 
for better flow and more flexibility 
f performance 

?, Heating of cylinder with more 
“ficiency in plasticizing 

Molds that permit adequate flow 

if resin without sacrificing quality 

productiol 

To meet these requirements, hot 


re molding, runnerless molding, 


soft flow styrene and more etheient 
machines and plasticizine chambers 
vere developed 

Perhaps the most important aspect 
of thin walled container molding 
that of mold design and construction 
The essential features of hot runn 
container mold design and operation 
are; control of temperature in the 
inner system, effective reduction of 
heat transfer from runner system t 
other mold sections, and allowance of 
safety factor with respect to heating 
evlinder capacity 

Features that act in reducing pro 
duction costs in hot runner moldings 
are: reduction in cavity fill time, i 
creased machine plasticizing capacity, 
elimination of sprue and runner, and 
reduction of die open time. 

Runnerless molding has many ad 
vantages similar to hot runner mold 
ing. However, this type molding has 
enabled the usage of fewer cavities, 
less or no runner or gate scrap, plus 
increased rates of production. To ful 
ly investigate problems related to this 
technique, Monsanto constructed a 
single cavity 0.020” wall, pint contain 
er mold in which both poppet and core 
are water cooled and individually cor 
trolled. To obtain” rigidity in com 
pensating for the flexibility inherent 
in a thinner wall, a double step co 


tainer was utilized. 

To meet the ever increasing ad 
vanees in technology, it becomes al 
most mandatory that styrene mate! 
ials be improved. Impact rubber-mod- 
ified styrenes are the present answers. 
The development of high impact sty 
renes have helped broaden this field, 
however, these materials have certain 
limitations. Being highly stressed they 
are susceptible to cracking along lines 
parallel to flow and have poor low 
temperature properties. Present ef 
forts are being directed toward faste 
moldability, less orientation, and in 
creased cold temperature strength. 
The introduction of intermediate and 
high density polyethylene enhances 
the value of polyethylene in thin wall 
molding, 

With the older, general utility type 
of machine, the slower acting ram 
speeds and lower plasticizing capa 
bilities had definite limitations or 
adequate production, Necessary ma 
chine requirements were: faster in 
jection speeds and plasticizing rates, 
high clamp pressures, greater horse 
power requirements and micro-second 
accurate timing devices. The develop 
ment of machines incorporating thes« 
features accelerated a trend away 
from the utility type machine towards 
the specialized machine designed to 
do a specific job. Features of these 
machines were: more efficient plasti 
cizing chambers, higher injection fill 
time rate, increased clamp tonnare 
and improved timing devices, 

This presentation reflects an ag 
vressive, technologically sound and 
growing industry 


Northern Indiana 


Flexible Foams 
Leon J. Page 


The evening of the 14th of May 
was more than spring like, as 3 
members and their guests convened at 
the Ft. Wayne Chamber of Commerce 
for the fourth monthly meeting i 
1957 of the Northern Indiana Section. 

President Leon Page discussed a 
number of points of interest and fo 
cused attention on the ANTEC and 
RETEC programs being held in the 
future for the benefit of S.P.E. mem 
bers. A request was made for loca! 
members to offer their S.P.E. Journ 
als to area libraries both publie and 
college, fo the benefit of students 
and non-members. The libraries in Ft. 
Wayne and Harlan, Indiana, have 
heen supplied with these journals to 
date. The members were also request- 
ed to make themselves available t 
schools in the Northern Indiana area 
to give talks ane discussions befor 
students. This program will be follow 
ed more closely as the next schoo 
year approaches. 

\ short intermission was called to 
grant the members and their guests 
the opportunity to chat and compare 
notes and then was reconvened to 
present the program “Local Pape 
Nite” as developed by Messers. Max 
Lee and Phillip Wareham. Mr. Ware 
ham explained the title of the pro- 
gram as being a presentation of 1 
search work done in plastics by mem 
bers of the Northern Indiana Section. 

Mr. Wareham introduced first, Mr. 
G. M. Wolf of the General Tire and 
Rubber Co. who gave a very informa 
tive and interesting talk on “Flexible 
Polyurethane Foams”. His discussion 
and samples of this material arouscd 
the interest of all and many questions 
about the material were brought up. 

Next Mr. Wareham introduced a 
fellow worker at General Electrie Co., 
Mr. G. M. Knaus whose rivelation 
of the new approach to “Plastics 
Coatings by the Fluidized-Bed Pro 
cess” challenged the thinking of al 
present. Mr. Knaus _ illustrated his 
description of this new process wit! 
charts and models of the equipment 
used and also provided samples of 
items coated by this process. 

Mr. Wareham next presented M) 
\\ ayne I. Pribble for his discussion 
on “Mold Engineering” which was 
well received. Mr. Pribble stressed 
common sense in mold design as being 
the designer’s most valuable assistant 
Wayne illustrated the highlights of 
his talk with slides of interesting 
details. 

\ final treat for the members of 
the Northern Indiana Section was the 
General Electric Co.’s movie on the 
levelopment of the nucleat eacto 
power supply for the Navy submarine 
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hat the National SPE has considered undertaking, is th: 
f kl stublishment of the Plastics Institute, I sure that Mo 
ran y erome Formo would be quite happy if a “mob” deeided 
» lend a hand and 1 lv get the Institute off t flying 
ki Yours for better | ng with PP the 
aking 
Wavne Pribbl 
l heard Cedric Adams make this st tement over the 
ulio the other day: “A mob 1 r runs neross town te 
do a good deed.” This thought did t uppeur to be very ° ° 
Section Education 
sturtling when I first heard it. but | refleeted upon th A ° / a 
natter, it did seem that it had a great de if significanes ttrention: Committeemen 

1 “mob s usually thought of m UNPUTS ab ne Clarence H. Stephans, Director of Special Courses at 
people, who take matters into their own hands and fore oa Newark College of Engineering praised SPE in a rece 
cause certain events to happen. We usually consider mobs , 
to be violent in nature and bent upon the destruction ot wi casis 
some person or thing. It seems quite difficult to get ‘I have spent considerable amount of time i the pro 
group of people to agree on a certain course of actior luction and the supervision of a large number of course 
vhen some god matter NEEDS ATTENTION, Lam sure conferences, and lectures during my work at N.C.E. Du 
that our National President, Mr. Simmons. would agre ng this time, I have had, through contacts, very pleasat 
that he was not swamped with offers by persons desiring associations with a numbe of the technical societies 
to work as part of some committee. uur area. These include some of the most active organiza 

We seem to be having membership in all kinds o tions in our Northern New Jersey area. [ feel that T ca 
committees and elubs. I read somewhere, where one man safely say, on the basis of this experience that the work of 
felt that membership in the unexeclusive human race was the educational committee of the Newark section of the 
about all he could manage. Also. he frequently felt that Society of Plastics Engineers, Ine. is an outstanding ex 
this club was about to disband, with l of the member ample of an ideal professional relationship betweer 
blackballed by the Membership Committee for lolation lustry and the colleges.” 
of the Club’s only By-Law—something referred t s the The National office of SPE, [4 EE. Putnam Ave., w 
Golden Rule be glad to help Seetion Kdueation committer \ 

Perhaps one of the most mportant pleces of work possible Ways. 


IMPCO HA8-275 


750 Dry Cy 
at Full Stroke 


cles 


Per Hour 
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with this 8-10 ounce machine 
Send today for Bulletin P-114. 


IMPROVED 
MACHINERY INC. 
Nashua, New Hampshire 


In Conoda, 


Sherbrooke Machineries Limited 
Sherbrooke, Quebec 


Export 


Distributor 


OMNI PROL TS CORP 
Fourth Avenu dew York New York 
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Spritzgiessen (Injection Molding) 

a by Hans Beck, B.A.S.F., Ludwigshafen 

i Published 1957 by Carl Hanser Verlag, Munich 

~ 118 Pages. 68 Illustrations. Price: DM 9.80 (ca. $2.30). 

the fifth in a series of publications 

bout technology nal application ol plastics. As the others, 

' ritten and presented by a leading German 


The third part is about the injection press itself. 


Methods of rating various properties of the machines are 
suggested, with references to other German, British and 
American publications. The historical development of heat 
ing cylinders and preplasticators is traced, and the author 
explains his personal preference for a single stage, single 
or multi-serew preplasticating unit, such as is being pro 
duced by R. H. Windsor Ltd. (see Modern Plastics, Sep 
tember 1953, page 146), and more recently also successful- 
ly adopted by Ankerwerk Gebr. Goller, Nuernberg, with 
much simplified model. 

The following other booklets have already appeared in 
this series: 

+1—Coating and Laminating, Dr. Ing. G. Beck, 
Heidelberg 
Glassfiber Reinforced Plastics, Ing. W. Beyer, 
Tuttlingen 
Compression & Transfer Molding, H. Draeger & 


ithority 7 the subject Meant as a summary of the Dr. W. Woebcken, Bonn 
echnical processes involved in injection molding, it is #4—Machining Operations of Plastics, Dipl. Ing. H 
practical guide rather than a scientific paper, Zickel, Troisdorf 
4 | first part of the booklet deals with the injeetion +6—Polishing of Plastics and Lacquers, Dr. Walter 
1 olding process, covering such subjects as proper choice Burkhart, Karlsruhe 
is. ne, molds and tools, establishment of molding The following booklets are in preparation to be pub 
“4 cles, and tolerance limits. Methods of determining and lished soon: 
a % nating the causes of the various short-comings found Vacuum Forming of Thermoplasties, W. Inhof, Kro 
nolded part ire given broad coverage. berg, Taunus 
a The second part individually discusses 16 groups of Injection Mold Construction, Dipl. Ing. Hans Gastrow, 
leormoplast ie listing chemical structure, properties, de 
‘ rable molding eonditions and methods, available formu Heatsealing and Sewing, Dr. Ing. H. Peukert, Aachen 
: ind German as well as foreign manufacturers and Hotforming, Dr. Ing. H. Peukert, Aachen 
‘ trade names, Th ection is quite up to date and includes Extrusion, Obering. Hans Beck, Ludwigshafen 
ha of the latest materials on the market, Coloring Plastic Adhesives and their Application, Dr. Otto 
4 terial ind finishing operations, including irradiation Jordan, Munich 
do printing, are shortly deseribed. R. Homburger 
% 
| L-2-12 oz. LESTERS 
“s Ounces General Purpose Polystyrene 
a. Single Feed Stroke . .... . 12 
Double Feed Stroke . . . . . . 16 
Mold Closing Pressure, Tons . . . . . 400 
Beam Area, Sq.in. . . 132 
4 Pressure on Material at End of Plunger, P.S.1. 20,000 
Speed of Injection Plunger, inches/min. . . 171 
Filling Speed, cu. in./sec. . . 12 
Complete Machine Cycle, idling, 12.1 
Mold Opens,inches . . . 12 
Maximum Mold Height, ins . . . 16 
Minimum Mold Height,ins5. . 13 
a Maximum Mold Size, ins. (H x V) 28x26 
Total Heating Units, K.W. . . . . . 13.6 
Combined Pump Capacity, gal./min. . 62 
Motor Size, Horsepower . . . . . . 30 
P Weight, Lbs. 22,500 
Adjustable Ejector Cushion Standard 
i Plunger Advance Circuit Standard 
ri Nylon Cut-Off Attachment Standard 


*Optional at extra cost. 


LESTER-PHOENIX, INC. 


Agents in principal cities throughout the world 


2717-N CHURCH AVENUE @ CLEVELAND 13, OHIO 
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The Encyclopedia of Chemistry 


by George L. Clark, Editor-in-Chief and Gessner G. 
Hawley, Managing Editor. 1037 pp., Reinhold Publishing 
Corporation, 1957, $19.50. 

Great meritorious efforts have beech spent Hy the 


editors of this valuable reference book to gather the 


adequate kind of information and to have it supplied by 


the proper authors. As the editors put it: “Such an 


encyclopedia, if it is to accomplish its mission, cannot | 


nerely a dusty compilation of definitions and data.” It 
can be said that in most topies, the 500 contributors have 
succeeded: very little dust can be found. Some are out 
standing: osmosis, chemical warfare. Various plastics, 


deterioration, synthetic fibers and many others. 


In a few, compilation is eithe: dusty, misty, foggy o1 
smoggy: odor, corrosion, enzymes, possibly others, In one 
nstance: packaging, dust and soot give place to low 
vacuum, Not only does this topie lack basic information 
and everything else and is badly written, in one and one 
half columns, but two more columns are nothing but che ap 
advertising for one of the many societies of packaging 
specialists at the exclusion of all others. Such bad tast: 


propaganda does not belong in a scientific encyclopedia 


Olfaction, odor detection and measurement are 
omitted, as are testing methods for plastics. Furthermore, 
there is no index of the contributors and their respective 
articles, so that it is very diffieult to find quickly the 


topies written by a specifie authon 


Despite these errors and omissions, which it is out 
duty, as an impartial reviewer, to mention, this 
encyclopedia will render a great service to the chemical 
profession, Plastics engineers, whose field borders on 
scores of chemical provinces will find it particularly help 


fu Louis C, Barail 


Enciclopedia-Annuario Delle Materie Plastiche 
(Plastics Encyclopedia and Year Book) 


Editor: Editrice L'Industria—Via Farneti, 8—Milano—ltaly 
1042 pages—9¥% x 12 inches Symbol of the Uitimate i) 
Price L. 1.000 L. 900 packaging and mailing ex- 


penses Dry Colorants for Eve iy 


of Thre rmoplastic ... and 


The monthly review on plastics “Materie Plastiche’ 


his prepared this Kneyvelopedia tl the collaboration ) 
f more than SO plastics experts. It the first Italian pub ( alo) Paste Dispe Per ld Ts 
heation of its kind. It is bound with plastie sheet and 

richly illustrated, including several colored plates. There fo l ole Ye ster and poo Y Re Si)/ 
ire 36 chapters on cart ficial resins nad products for the 
plastic industrv such as fillers. colors. pl isticizers. stab ( hoice oT thre lndustry N 
lizers, solvents ete. One of these chapters is devoted t 


ot the Leaders Who Demand Perfection 


S chapters are on machinery and equipment for plastic 


polypropylene which has recently 


13 chapters are on the different processing methods and 
18 on the various fields of upplications ind Uses OF plastics 
The year book is a classified guide to suppliers of 
of 74 South Ave., Fanwood, N.J. Plaintield 5-5555 
equipment for the plusti nadustry It al cont ns ove \NDUSKY, OHIO, PLANT WORCESTER. MAS: OFFIC} 
trade names vith the uddresse f the manufacture! Pt nd ay i Phone Pleasant 108s 
ff the corresponding products TWX FANWOOD, NEW JERSEY 53! 
SANDUSKY, OHIO. SDKY 264 
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CLASSIFIED ADS 


Chemical Engineer 


\ progressive well established midwest firm is 
eed of au graduate Chemical Engineer interested 
n development work, A man 30 to 45 years old, 
th mechanical aptitude and general background in 
plastic n the field of elastomers, adhesives, and 
nealing itterials will weleome this challenge, An 
ntirely 1 r conditioned laboratory will insure 
proper tacilith for work. Salary about 
10,000, plus company paid hospitalization, insur 
nee and pension plan. A complete resume along 
t! i recent snapshot hould be presented to Box 
7, SUE JOURNAL, 34 E. Putnam Ave., Green- 
hy ! 


Injection Mold Designer 
Attractive opening in) molding plant for qualified 


neer, experienced in the design and development of 


ids and fixtures for high volume production of acylies, 
nylons, and cellulosies ... Applicant should be a graduate 
engineer or equivalent with several years of experience 
this fleld. Excellent opportunity for advancement. Send 
sme 


FORD MOTOR COMPANY 


Salaried Personne! 


2 Stewart Strect 


Ypsilanti, Michivar 


‘TRU-CAST’ Beryllium Copper Mold 

Components Have Everything You Need 

© Long Life 

© Fidelity of Detail 

© High Impact 

Strength 

Close Dimensional 

Tolerances 

Trouble-Free 
Performance 


These “built-in” advantages, plus 
quality guaranteed by over 40 years 
of Manco casting experience, go in- 
to every “Tru-Cast’ cavity and core 

adding up to better, faster pro- 
duction at substantial cost savings. 
Write, wire, or phone today to 
bring your production problems to 
Manco —a copy of the 48-page 
*TRU-CAST’ HANDBOOK will be 
sent to qualified firms upon request. 


MANCO PRODUCTS, Inc. 


2401 Schaefer Road, Melvindale, Mich 
Telephone: Detroit—WArwick 8-7411 


Plastic Finishing Foreman 

Leading Chicago area injection molder requires 
veneral foreman for finishing operations, including paint- 
ng, silk sereening, hot stamping, ete.; also assembly. 
Permanent position for man with experience to operate 
this expanding department. All replies confidential. 
Salary and Profit Sharing, commensurate with ability. 
Box 1957, SPE JOURNAL, 24 E. Putnam Ave., Green 


vich, Conn. 


RETECS Coming! 


September 27, 1957—“Hot Runner Molding”—Hotel 
Niagara, Niagara Falls, New York—R. W. Miller, 
3 Hillview Center, Lewiston, N.Y. 


October 8, Hotel, Min- 
neapolis, Minnesota—Paul Becker, Honeywell 
Regulator Company, 2733 4th Ave. South, Min- 


neapolis, Minn. 


October 17, 1957—"“Polyethylene”’—Hotel Carter, 
Cleveland, Ohio—W. A. Messina, 23817 Cliff 
Drive, Bay Village, Ohio 


November Ll, 1957—“Plasties For Air-Borne Elee- 
tronies”—Ambassador, Los Angeles, California 
L. J. Costanza, 8017 Holy Cross PI, Los Angeles 


47, California 


Acheson Dispersed Pigments Co. 10 
Allied Chemical & Dye Corp., National Aniline Div. 9 
American Cyanamid Co, 14 
surber-Colman Co., Wheeleo Div. 6 
Crucible Steel Company of America 133 
Detroit Mold Engineering Co. S 
Dow Chemical Co, 50 
Kk. I. du Pont de Nemours & Co., Ine. 7 
Frank W. Egan and Co. 12 
Escambia Chemical Corp. 
Gering Products, Ine. 2 
Hercules Powder Co. 6s 
Improved Machinery, Inc. 63 
Lester-Phoenix, Ine. 64 
Manco Products, Ine. 66 
Monsanto Chemical Co. 11 
National Aniline Div., Allied Chemical & Dye Corp. 9 
National Distillers and Chemical Corp., 

U.S. Industrial Chemicals Div. 4 
Newark Die Co. 67 
Plastic Molders Supply Co., Ine. 65 
U.S. Industrial Chemicals Co., 

Div. of National Distillers and Chemical Corp. 4 


Wheelco Division, Barber-Colman Co. 6 
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Serving 
the Customers 


of Newark Die 


MASTER PATTERNS ON DIE SINKING MACHINES 


In Keller machines like the one shown— 
one of a battery in use at Newark Die— 
a tracer passing over a master pattern 
automatically controls the movements 
of the feeding mechanism, which in turn 
governs the cutting of the mold. 


Because of the delicacy of this electrical 
Bie Mold P 


NEWARK DIE COMPANY 


22 SCOTT STREET, NEWARK 2, N. J. 
Phone: MArket 2-3305 


control when used by the skilled crafts- 
men at Newark Die, the finest of work 
can be done on the largest of molds. 

Keller die sinking machines are typical 
of the many types of up-to-the-minute 
equipment now turning out molds to 


serve the customers of Newark Die. 
R nary Tyte Voldine M 
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‘Natural’ 


linear ethylene offers vou a combination of properties 

never before available ina low-cost plastic. Here's what Hi-fax sheeting 

ti-lorming oflers: 

RIGIDITY AND TOUGHNESS TRANSLUCENCY INA 

- IN LARGE SECTIONS WIDE COLOR RANGE 

a » TEMPERATURE RESISTANCE ® GOOD ELECTRICAL 

3 —CAN BE STERILIZED PROPERTIES 

A EXCELLENT REPRODUCIBILITY * CHEMICAL RESISTANCE 

IMPACT STRENGTH AT LOW MOISTURE 

LOW TEMPERATURES PERMEABILITY 

on IMPROVED FINISH 

bs Now available for commercial production 

runs. this new Hercules material is already 

a the talk of the plastics industry! 

BIGGER AND MANY WAYS 
BETTER—The four-cavity toy 

“4 package and a light diffuser 
% panel shown here were both 
2 vacuum-formed with Hi-fax sheet 
ing manufactured by Gering 

i Products, Inc., Kenilworth, New 

a Jersey. Light diffuser was manu 
“ factured by Tiger Plastics, Brook 
ry lyn, New York; Toy package by 

vi Vacuum Molding, Inc., Boonton, 
: New Jersey 

llulose Produc fs Department 

3 HERCULES POWDER COMPANY 


Map et Nf... Wilmington YY, Dei. 
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